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FOREWORD 

r OR many years I'rof. A\'m. E. ^^\ rtliiicr and the writer of the following- 
pages liave found pleasure in roaming over the gravel ridge area south of 
Dayton, studying its geological history and hecoming ac<iuainted with its 
plant and hird life. INlany changes have taken place within this time. 

In 1877 there was a swamp directly north of the present Schantz plat, 
northeast of Oakwood, full of fringed gentians, the scarlet lobelia, the 
shooting star, and a host of other flowers, forming a botanical garden un- 
rivaled in the number and variety of the forms growing within such a 
narrow area. The blue-eyed JNlary and A'irginia cowslip flourished in the 
dense thickets along the Bluff's. The long-spurred violet grew on the 
northern slopes of the Adirondack ridge in tlie Hills and Dales area, and in 
early ^Nlarch the skimk cabbage ^\■as found in the marsh at the southern end 
of the Country Club golf ground. 

At that time the walls of the mound-builders' fort in the Calvary ceme- 
tery could be followed with ease, "^rhe moimd at the northern end of the 
fort had been opened and we heard of the And of a few 'Tndian relics." 
East of Alexandersville there was an old farmer, a ^Nfr. Binckley, who was 
a source of great delight to the boys. He liad a most wonderful collection 
of "Indian relics" and was happy in showing them to all who were inter- 
ested. He knew where all his relics came from and he told us why the 
mound-builders must have been quite a different race from the Indians 
who inhabited this part of Ohio when the flrst white men arrived. He 
owned part of the geometrical earthwork located at Alexandersville and 
persuaded his neighbors who owned the rest to assist Inm in keei)ing all of 
it in good condition. 

At that time the various ridges characterizing the area west of the Cin- 
cinnati i)ike coidd be traced through the cemetery ground as far as the 



Bluffs overlooking the canal, and the cemetery had made very little change 
in the general appearance of the land. Practically no regrading had been 
done. Each year a sugar camp was started in early spring in the hollow 
west of the Chapel ridge at the western end of the Nollman farm. 

In 1893 Prof. Werthner and the writer lx;gan the photographing of 
the details of the topography shown by the gravel ridges, and two years 
later a large number of stereopticon slides were prepared in order to inter- 
est our pupils and the general public in tlie glacial history of this territory. 
A part of these views, taken so long ago by Prof. Werthner, are included 
among those used for the present publication. 

We always hoped that some day this great gravel ridge area might 
become a public park, but never dreamed of the present park system, in- 
cluding the Hills and Dales and the ]Moraine Park, by means of which a 
large part of the territory has been thrown open to the public through the 
private generosity of ]\Ir. .John H. Patterson and ^Nlr. E. A. Deeds. Our 
happiness would l)e made complete if onlv it were possible to save, without 
further nuitilation, the Pike and Chapel ridges west of the Cincinnati pike, 
which are unrivaled for height, steepness and lengtli in any part of the 
United States. 

It is with pleasure that we have renewed our more detailed studies of the 
gra\el ridge area during the last two or three years. The results are ex- 
pressed on the following pages. Here the writer has attem])ted to bring 
together all of the material likely to be of interest to the local investigator 
of geologic problems. Here are given the answers to all the numerous 
questions which others ha\e put to us frecpiently during oiu- work as teach- 
ers in Dayton. Special care has been exerted to give, wherever possible, 
the line of reasoning which has given rise to the conclusions drawn from the 
observations made. There is lut pretense of originalitv or of finality in 
these statements. iVU geological work is accumulative. Each oliserver is 
likely to bring with him a new ])()int f)f view and hence to contribute differ- 
ences in solution of the problems investigated. All that is hoped is to give 
a little im])etus toward interesting others in the geological history of our 
surroundings and to give a little assistance to those who alreadj^ have had 
their interest aroused. 



Others have worked over the same ground. The large monograph hy 
Frank Leverett, on the Cihicial Formations and Drainage Features of the 
Erie and Oliio Basins, pnhhshed hy the United States Geological Survey, 
is an authentic discussion of a much widei- territory, from which the present 
writer has drawn freely, (ilaciation in Ohio was discussed hy Prof. Frank 
Carney in 1910, in the Bulletin of Denison University. The nuich shorter 
article hy Earl R. Schett'el on An Esker Group South of Dayton, Ohio, 
puhlished in this Bulletin in 11)08, covers tlie same territory as the present 
puhlication, and presents in few words all the chief characteristics of the 
gravel ridge area. In l'.)0.5, the same writer explained the Origin of the 
Spring ^"alley Gorge. The History of the I^ittle Miami River was pre- 
sented hy Prof. J. A. Bownocker, in a paper printed hy the Ohio Academy 
of Science in 1000. For a general discussion of glacial phenomena, without 
reference to any particular locality, the great American textbook on Geol- 
ogy by Chamberlin and Salisbury, in the Public library, -will l)e found 
most instructive. All that is attempted in the present publication is to unite 
within one cover as many as possible of the points of local interest and to 
show their local application. 

The territory selected for special discussion includes all of the gravel 
ridge area south of Dayton, extending from Oakwood, Carrmonte and the 
Calvary cemetery southward through Hills and Dales, and tlie JNIoraine 
Park grounds to the southern end of the ridge area at Plole's creek. This 
is one of the most interesting' areas of glacial stream action in the tTnited 
States and as such is of peculiar interest to those who live in its vicinity. 

This volume was begun in response to the request of 3Ir. E. A. Deeds 
that a few pages of printed matter be produced, describing the chief points 
of o-eoloffic interest in ]\Ioraine Park, his beautiful estate among the hills 
south of the city. Soon, however, it was found desirable to include also 
illustrations from Hills and Dales, and from the gravel ridge area south of 
the Calvary cemetery, and so the few pages grew into a pamphlet. 
Through the generosity of JNIr. Deeds, numerous photographs were added, 
a map of the gravel ridge area was prepared and investigations were ex- 
tended to other points beyond the limits of the gravel ridge area, imtil the 
pamphlet grew into the present volume. 



Finally, ]Mr. Deeds assumed the entire expense of publication. Thus 
it became possible to produce a richly illustrated vohime which, although 
centering its interest in the immediately sm-i-ounding territory, extends its 
interest beyond these limits and includes a partial discussion of a much more 
extended territory. 

December 1, 191.5. 
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CHAPTER I 

THE GRAVEL RlDCiES SOUTH OF DAVTON 

/. The Charm of Xaturc 

ilHE cliarni of ti-ees, iiiiderbnish. and wild flowers, 
the singing of birds and the aetivity of tlie insect 
Avorld. the rippling of the lirook, tlie wavering of 
autumn foliage and the changes of sunset colors, 
glimpses of deep \'alleys and vistas across flat fields 
to tlie hills beyond, all these may be enjoyed in any 
ruo'o'ed cnuntrv more or less co\'ered Avith \\'ood- 
land. The varying as])ect of bark and l)ranches of 
the denuded trees, the shades of brown and yellow 
of the fallen lea\-es, scurrying l>efore the wind, the drifts of snow and the 
pendant icicles, all invite the wayfarer, both under sunny skies and gray, 
even durin"' the wintry months of the year. Nature is lavish in her display 
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and evfr varviiiy' in hev moods, from the first peep of tlie eailv white l)lood- 
root from beneath the lilackened soil to tlie last <tIo\\' of the goldenrod 
amid the pm-ple asters alonor the country lane. 

.'. I^tra- (tiul Order in Nature 

Amid all this prol'usion of life and color there is order and law. Nature 
is organized into groups and societies. The plants of the lieech woods are 
not those of the maple grove. The (ipen forest and the dense thicket shelter 
different flowers. The margin of the ])ond and the deeper waters ha\e dif- 
ferent floras. Each of these situations hai'hors a different insect life and 
invites a different group of hirds and four-footed animals. 

S. Hills and J'^allci/s as Records iif (reohii^ical Histor// 

Nature differs even in her forms of hills and \allevs. The Hills and 
Dales that extend south of Dayton, from C'arrmonte and Calvary Cemetery 
to Moi-aine Park, differ from the hills and valleys near the Soldiers" Home, 
or near Huffman hill, or along the Stillwater, or along the (rreat ^Miami. 
Each hill and each valley is a record of the history of that section of the 
earth of which it forms a ])art. Wherever the history has been different, the 
foi-m f)f hill and valley differs correspondingly. 

This is what lends interest to the study of the topography of a country 
— of the varying sha])es of hills and valleys, of streams and lakes: how thev 
came to exist, and how they came to assume the forms and structvu'es they 
now possess. A stroll through the woods and down the glen reveals to the 
eyes of the geologist the histoi-y not of w ars nor of the deeds of former races 
of men, but of ages long ])receding the advent of man, and (^f animals long 
extinct. 

./. I iiirddiietidii id Hills and Dales Tiij}i)<^raph//. See map 
inserted at haeic af hooh- 

As an introduction to the t()])ogi"aphy which is characteristic of the 
tei'i'itory south of Dayton, let us take a Hills and Dales cai' to the ])oint, 
about a mile south of Carrmonte, where this car line turns off eastward 
from the Cincinnati i)ike. Here the westward extension of the O'Xell road 

[18] 
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View of the Tike ridgf, lixiking northu.n.l liuin .1 puinl a ^Imrt di^^UuiLe iiurlli nl the U'-Xeil ruad. 
Notice llu- top i:tf tlu- ridge, tun narmw fur two waginis to pass. 

crosses a narrow gravel ridge, called the Pike ridge, hy means of a deep 
cut. A short l)ut steep clinih from the farther end of the cut is necessary to 
reach the top of the ridge. 

The chief features are in evidence at once. The ridge is remarkahle for 
its height, its narrowness, its comparative straightness, and its length; and, 
althougli far al)ove stream level, it lias heen liuilt up altogether from gravel 
and sand. 

At the O'Neil road cut, the top of the ridge is 100 feet ahme tlie low 
ground along the Cincinnati pike on the east, and 9.5 feet ahove the wet 
weather pond in the deep hollow on the Avest, north of the O'Neil road. The 
area along the top of the lidge usually does not exceed 25 or 30 feet in 
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width. The sl(i])e on each side is steep, often e(|nallint>' 'M) dey'rees in the 
steeper phices. If these minil)ers do not ini])ress yf)u, then jiido'e the steep- 
ness of the liill by climbiii<>' it, without nsintf tlie voad. 

Such a steep slo])e is ])ossihle only on liillsides Iniilt uj) of solid rock or 
of coarse y-ra\el. Sand and clay consist of smaller ])articles and usually 
,i>'i\'e rise to lowei' gradients. K\'crv builder of railroads iviiows that finer 
materials tend to s])read out more, laterally, and that evei'y kind of loose 
material has a maximum slo])e abo^e which it does not tend to remain at 
rest, lirok'eii stone will build u]) steeper slopes than I'oimded ]:)ebbles. 

The rido-e hei'e consists cliief]\' of i;'ra\'el. This can be seen by lookinij 
down into the cut. by means of M'hich we have ascended the rid ye, but the 
same fact mii^ht l)e infei'red from the alnmdance of the i)ebbles alono- the 
crest of the ridye. and also aloni>' its sides where the latter are not covered 
deeply by soil. 

.-. The Pike Eidgc 

The lenytb and sti'ai,i>iitness of the I'ike I'idiTecan be ap])reciated best by 
followini;' it northward. Xoi'th of the O'Xeil I'oad, the trend of the ridije 
is at first northerly. Then it turns sli<ihtly east of north until it reaches oiie 
of its hiyher elevations or ])eaks, beyond which it returns to its former 
northerly coiu'se. Cdumps of i-ed lunv and wild rose, with their ])rotecting 
thorns and prickles, are scattered alouff the crest, (rrape and \voodbine 
spread aniono' the lower branches of the tT'ces. Xorthward. a fence crosses 
the rido'c, and beyond the fence, the rid<re descends rapidly, being crossed 
by a natural depression or ,ii'a]), Ix-yond \^■llich the rido-e contiimes again. 

The X'^ollman farm lane ])asses thi-ough the gap in a westerly direction. 
Xorth of the gap there ai'e two ridges, but, of these, the eastern ridge is in 
moi'e direct alignment with the Pike ridge, \\hich we lune been following 
from the south, and is regai'ded as an extension of the lattei". Xortln\ard 
this eastei'u ridge becomes distinctly hummocky, but a glance down the 
valley, between this eastern or Tike i-idge and the westeiMi or Xollman 
ridge, will re\'eal the ridge-like charactei' of the succession of hummocks 
bordering the western side of the Cincinnati pike. 

The Tike ridge terminates northward at a point east of the home of 
Mr. Sauerman, o])])osite the western end of East W(M)dburn Avenue. 

[20] 
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TlU' rikf riilKf at tlir O'Ni-il rna.l cut. Inoking unrth. X.ilc the 
narriiuiKss 'if the tup nf the ridyi'. 



The total length of the I'ike ridge, north of the O'Xeil eut. is ahiiost a 
mile, and its (lii'ectioii along this entire length is a])])roxiniately north and 
south. iVhout 10 degrees east of north would be a fair average for its 
general trend. 

Only that part which is between tlie O'Xeil I'oad and the X'ollnian road 
is readily accessible, hut this is also tlie most interesting part of tlie ridge, 
on aeeonnt of its conspicuous elevation and narrowness. 

r,. Tlic Chapel Ei(]or 

'SXtst of the I'ike ridge is an ecpially steep ridge, extending farthei' 
north. It may be reached In' following the Xollman lane westward, across 
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a shallow part of the intervening Xollman hollow, to the top of the Chapel 
ridg'e, at a point sontliwest of the ])on(l occu])yiniT tlie lowest part of this 
hollow. This is another i-idge i'eniarkaf)]e for its height, its narr(.)\vness, its 
eomparati\'e straightness, and its length. 

The highest knoh. along the Chapel ridge, sontli of the X'olhnan road, 
is t>.5 feet aho\e the low ground on hoth sides of the ridge. Ahout a sixth 
of a jnile noi'th nf the Xollman lane tiiere is another of the more conspicuous 
elevations along the crest of the Cha])el ridge, which is 70 feet aliove the 
Xollman pond, east of the ridge, and 110 feet ahove the pond in the Sugar 
Cam]) hollow, on the westei'n side of the ridge. 

The view from this pai't of the Chapel ridge is su])erli. Deep \'alleys 
horder it on l)oth sides, and \istas of tiie more distant country, westward, 
are seen among the trees. It is interesting es|)eeially in winter oi' in eai'ly 
spring, when the leaves ha\'e fallen from the trees. For those who like 
roughing it. snow lends an additional eliarm. It outlines more clearly the 
distant hills and gi\X's relief in sunshine and shadow. ^Vlong the crest of 
the ridge the walking usually is fair. A\^esterly winds dri^•e most of the 
snow from the ])ath. It clings to the eastern margin of the crest and lies 
deep on the slopes heneath. The \ehet green of the mullein leaf ])eeps from 
l)eneath the snow. .Some of the gi'ass still is green, and projecting dry stalks 
and lea\es of last years plants relie\'e the mantle of \\'hite from any feeling 
of monotony. 

Al)out two-fifths of a mile north of the Xollman lane the Cha])el ridge 
is interru|)ted l)y a natui-al wide de])ression oi- gap, ahout 25 feet dee]), 
tln'ough \\hich the Sugar Cam]) lane ])asses in a southwesterly direction. 
The lane ends at a pond, dry e\ee])ting in wet weathei'. The old sugar 
cam]) lay in the woods north of the ])on(h Here the sa]) of the maple was 
collected formei'l}' in earthenware crocks, and hoiled down in large ojien 
kettles into majjle syru]). 

Xoi'th of tile Sugar Cam]) lane the ci'est of the Cha])el ridge rises 00 
feet al)0\e that ])art of the \alley which lies directly westwai'd, and 100 feet 
abo\-e tile lowest ground in the \alley t'astward. A short distance nortli- 
\\ ard tile ridge is ci'ossed hy a wire feiiee. .So far, the \voods along the ridge 
lia\'e been open, and the \\alking agreeahle. \v\\\] ])leasant \'iews on hoth 
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^'ie\\■ of the west side of the niirtherii end nf the (_'hripel riilge, with the huihlings at the eiitraiiee to 
CaUary ceiitetery oti tlie rik^it. I'hotogi aph lakeii t\\'eitt\ \ears ago. 



sides of the ridge. Xovtli of the wire fence. Iiowever. tlie crest of tlie i'id<i'e 
is covered witli a thicket of red-l)uds. This is a pavt well wortli visiting- in 
spring, when the red-biids are in full flower. Later in the season they 
obstruct the view, bnt a short walk northwestward, down the slope of the 
ridge, l)rings us to the lane following the westei'n side of the Chapel ridge 
northward to the western end of ^Liyo Aveiuie. 

At the western end of ]\Liyo Avenue, the Cha])el I'idge formerly was 
interrupted by another depression or gap, only about 18 feet deep, but a 
recent cut has increased the depth of this gap to about 25 feet below the 
level of the immediately adjacent part of the ridge, at the same time giving 
an excellent exposure of the coarse gi'avel characterizing the u])])ei- part of 
the material forming the ridge, along almost its entire length. 

Xorth of ^layo Avenue, the Cha])el ridge I'ises strongly until it attains 
a heio'ht of 125 feet above the vallev eastward. The vallev on its western 
side is much more shallow, scarcely equalling more than 8.5 feet in depth. 

At present the Chapel ridge ends abrui)tly. at the gravel ]iit southeast 
of the chapel in Cahary Ceinetei-y. Formerly it extended farther north- 
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ward, to tlie edt^r of tlie l>liiff,s I'aciiiL;- llif rivei-, but tliis ])art was I'ciiiox'ed 
in order to ini|)i-ove tlic appcaraiur ol' the appniaclies to tlie cemetery 
grounds. 

This Chapel ridge is over a mile in length. Its course is ]iractica]ly 
parallel to the Pike ridge. Its crest is e(|ually nari-ow and its sides are 
equally steep. Additional narr()\\- luii'th and south trending ridges tra\erse 
the territoi-y i'arther westward. 

Few ])eo])k' know of these I'emarkahly narrow, steej), and straight 
ridges Avest of the C'incinnati pike, but they are of es])ecial interest on 
account of the sim])lieity of their sti'ucture. For long distances, the \alleys 
on both sides of these ridges are vminterru])ted by cross ridges, so that the 
visitor need not be in dovdit whether he is f'ollo\\ing the continuation (if the 
same ridge or not. The topography liei'e consists essentially of long nar- 
row ridges, separated by long and com])aratively unintcrrui^ted inter- 
mediate valleys. 

At some other localities, the long ridges are connected at irregular 
intervals by transverse ridges, breaking uj) the long intei'mediate valleys 
into a succession of shorter intermediate small hollows, often without any 
drainage outlet. This modification of the sim])le ridge and valley structure 
is well shown on ^Moraine fai'm and in the Delco Dell area, a mile south 
of the O'Neil road. 

7. The ^lorainc Farm Ridgm 

The ^Moraine farm ridges may be regarded as merely a southward con- 
tinuation of those which line the western side of the Cincinnati ])ike, farther 
northward. South of the O'Xeil road cut, the Pike ridge curves southeast- 
ward toward the northern part of the long gravel pit, which is exposed 
southwest of the Power Sub-station, on the western side of the Cinciimati 
pike. The ridge formerly extended beyond the present location of the Ohio 
Electric railroad and was connected with the high ridge directly east of the 
Cincinnati ]Mke, which also is (lee])ly indented at ]M-esent bv a gra\el ]Mt, 
at its northwestern end. A broad, dee]x natural depression or ga]) formerly 
separated that ])art of the ridge which is west of the Cincinnati j^ike from 
the adjacent j^art on the east. This gap determined the location of the pike, 
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when it was first constructed, many years ayo, l)ut the two <j-ra\el pits and 
other changes along the intervening ])ike ha\e removed all traces of the 
former natural gap. 

The top of the ridge at the gravel i)it east of tlie ])ike is 70 feet ahove 
the lowland along the ])ike westward. It is ahrnptly terminated southward 
hy the small stream travei'sing the (xovernor Cox farm, hut standing on 
the top of the ridge and looking chrectlv across the valley of tliis stream, 
we face tlie gravel pit at tlie nortli end of the long Eastview ridge. The 
latter may he traced I'or nearly four-tifths of a mile, in a southeasterly 
direction, to the lionie of Mr. Kettei'ing, on Kidgeleigh Terrace. Along- 
most of this distance tin's ridge also is remarkaV)le for its height, its narrow- 
ness, its com])arative straightness. and its lengtjr. moreovei'. it also is com- 
posed entirely of gravel and sand, as were the long narrow ridges west of 
the Cincinnati ])ike, north of the O'Neil road cut. 

In one respect, liowever, the ridges soutli of tlie O'Neil road cut differ 
from their northward continuations: tliey have a different direction. In- 
stead of having an ap])roximately north and south direction, they take a 
course about 30 degrees east of soutli. 

Essentially the same direction as the Eastview ridge is shown hy the 
Sunset ridge, which extends from I>ookout Point, at the southern edge of 
the Cox farm, ])ast Big Hill knob and the Snmmei' Cam]) on Moraine farm 
to a point west of Ridgeleigh Terrace. 

One of the interesting features of these gravel ridges east of the Cin- 
cinnati pike is the frequency with which they attain a height of 70 to 90 
feet ahove the immediately adjacent lowlands, and the rarity with which 
thev exceed an ele\ation of 100 feet. This ])rovi(les fi'e(|uent outlooks from 
the crest of the ridges eastward across the broad I^ocust farm valley, and 
westward over the wide flat country slojiing gently toward the Miami river. 

To the student of topography, however, a mucli more interesting fea- 
tm-e connected with tliese long gravel ridges is the in'esence of the numerous 
hollows or dells which they inclose. 

One of these, the Old Orchard hollow, east of the Snnnnei- Cam]), on 
the ]\Ioraine farm, occupies a considerable part of the s])ace lietween the 
Sunset and Ea.stview ridges, and here the ridges rise 2.5 to 4.5 feet above 
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the hottdm of the liollow, heiiiif connected southwards hy the hi^h trans- 
\'ersc ridqe cuhuinatinn' at Tip Top knoh. 'i'liis knoh is 100 feet ahove the 
level of tlie Stroop roatl at tlie end of tlie Delco Deli l)ranc]i of the Hills 
and Dales car line. Xoi'tliward, the Old Orcliard hollow is closed hy the 
transverse ritjo-e traxersed liy the noi'thei'ii end of the \V\ij; Ilill I'oad. Here 
the lowest part of the transverse ridoe is aliout 'JO feet ahoxe the lowest 
])art of the Old Orchard hollow, and a similar low s])ot is found along the 
Kast\'iew ridye. where it is followed l)y the Big Hill road, se\'eral Jiundred 
yards northwest of its junction with the Deeds road. In other words, the 
bottom of the Old Orchard Iiollow lies about 20 feet below the lowest part 
iif the enclosing land. Hence there is no direct drainage outlet, and all rain- 
fall must find an exit by sinking into the grovuid. Since all of this ridge 
land is made u]) of loose gra\'el and sand, \'ery little water I'emains in the 
hollow excepting for a short time after a heax'\- rain. 

East of the bridle path leading along Sunset ridge from the Summer 
Camp of INIoraine farm to the big bend at the southern end of the Big Hill 
road, there is another long and narrow hollow, the Simset hollow, the lowest 
exits from which, in any direction, lie about 18 feet above the bottom of the 
hollow. One of these exits is used by the bi'idle path tra\ei'sing the hollow 
in a southeasterly direction. Another low point is foimd on the Sunset 
ridge, almost directly opjjosite the tir.st. 

A third hollow, the lowest exit from which lies oidy about 8 feet above 
the bottom, virtually is a northwestern continuation of the Old Orchard 
hollow, but is cut ott' from the latter ])y the shoi't transverse ridge traversed 
bv the northern bend of the Big Hill road. It lies along the southern 
margin of the Governor Cox farm. 

A foin-th hollo\\', also small, lies east of the northern end of the Old 
Orcliard liollow, and is separated from the latter liy a ridge only feet 
hio-h at its lowest point. On the eastern side, however, the lowest outlet 
across the bordering ridge is 18 feet al)ove tlie bottom of the hollow. 

S. The Delco Dell Ridges 
The southern termination of the two prominent JNIoraine farm ridges, 
near the old school house north of the Stroop road, is as abrupt as the break 
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north of the stream on the Go\'ernor Cox farm. However, the map will 
indicate tliat the Delco Dell ridges, notwithstanding this interruption, vir- 
tually are direct continuations of the more northern ridges. Tiie Dcleo 
Dell grounds include hoth dells and ridges and are so named on account of 
heing the summer residence of a number of the Delco organization. 

The eastern, or David ridge, continues the southeasterly course of the 
]Moraine farm ridges as far as the main entrance to the Delco Dell grounds, 
from the side of the David road. From this point the David ridge takes a 
more southerly direction, and soon curves toward the southwest. 

The western, or Delco ridge, takes a southerly course as far as the 
southern end of the Delco dell or hollow, and then also takes a southwest- 
erly course, finally connecting with the David ridge. The David and Delco 
ridges also are remarkable for their height, their narrowness, their com- 
parative straightness, and their length. As in the case of the more northern 
ridges, they are composed almost entirely of gravel and sand. 

Delco Dell is the most northern liollow enclosed Ity the Delco and David 
ridges. Its lowest outlet lies along its southern margin, where the trans- 
verse ridge, followed by the main road, is 20 feet above the lowest part of 
the hollow. 

Sleepy hollow, directly south of Delco Dell, and cut off from tlie latter 
only by the trans\erse ridge followed by the main eiitrance road, evidently 
is a continuation of the Delco Dell. In length it almost equals the Old 
Orchard hollow, on the ^loraine farm, and it is equally wide, but it is much 
more impressive on account of its considerable depth, and the greater height 
and stee]mess of the ridges enclosing it. Tlie lowest point in the enclosing 
ridges lies along the Delco ridge, south of the fence at tlie southern end of 
the Delco grounds, where the crest of tliis ridge is 32 feet above the lowest 
part of tlie Sleepv hollow. Another low point of exit is fomid along the 
Delco ridge, north of the fence, and a third is located on the David ridge, 
almost directly east of the first, but these second and third low points are 
fully .50 feet above the bottom of tlie holloAv. The ease with ^vhich the AA'ater 
after a heavy rain finds exit from this hollow by sinking into the gravel is 
indicated by the presence of tlie cultivated land along the lower part of the 
hollow, for many years a fertile com field. 
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South of the Sleepy hollow is a third hollow, findiiifr its lowest exit 
toward tlie noi'tli, 12 feet over the hottoni. W^est of this is a fourth hollow, 
long- and narrow, horderiiio- tlie western margin of the Deleo ridge, and 
having an exit at its northern end 10 feet above tiie lowest part of the 
hollo\\-. 

^'arious additional IidIIows occur along the Iiillto])s as far smithward as 
tlie lands o\erlooking Hole's creek, a distance of at least half a mile, but 
most of tliese hollows are comparatively shallow and find outlets 10 feet or 
less above the liottom. Here, moreover, the I'idge to])ogra])ln' gradually 
disappears, l>eing displaced by rolling hills dissected by streams ])ermitting 
an unchecked drainage. 

!). The Hills and Dales nUlocs 

The ridges extending from the bluffs at Calvary cemetery to ^Moraine 
farm and Deleti Dell ba\e been described in considerable detail for several 
reasons. They emphasize the combination of decided narrowness and steep- 
ness with great length. They call attention to the ]5arallelism of neighl)or- 
ing ridges and to their general southerly trend. Their internal structure is 
exposed l)ettei' and at moi'c localities, by means of gravel |)its and road cuts, 
than in the case of any other ridges within this ai'ea. south of Dayton. In 
other woi'ds, the facts irsed in the determination of the origin of these ridges 
are shown here in more striking fashion than elsewhere. 

Ho\\-ever, tliese are not the oidy inipressi\e examples of long and nar- 
row gi'a\'cl ridges. 'Die Hills and Dak\s owe tiieii' chief charm to their 
presence. One of the chief I'idges, the Adirondack ridge, extends from the 
angle in the Cincinnati pike, at Carrmontc, in a southeasterly direction, in 
a remai'kably straight course, as far as Insj)ii-ation Point. This is a dis- 
tance of a mile and a half, along which the ci'cst of the ridge rises and 
falls, widens and narrows, and yet maintains within narrow limits the same 
coui'se. Adirondack camj) and Round cam|) occu])V cons])icu(ius stations 
along tlie ci'cst of this I'idgc. The Aiews towai'd the west extend o\er com- 
parati\el\' Hat or gently I'olling grounds as fai' as the ridges west of the 
Cincinnati ])ike, first desci'ibed. 

Kast of this Adirondack i'idgc is the deep valley followed bv the 
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INIeadow Brook road. Farther cast is a second conspicuous rid^fe, the Pan- 
orama ridge. This hegins east of tlie golf hni<s, helonging to the C'ounti'v 
club, and passes east of the Wahmt spring, taking a southeasterly dii-ec- 
tion, parallel to the Adirondack ridge, as far as Fair Forest. Jieyond this 
point, the ridge merges into tiie elevated land bordering tiie I'anorama 
road, taking a more southerly course, until it joins the Adirondack I'idge at 
Inspiration Point. Beyond this point, the ridge merges into the highland 
extending southward along the Panorama road, east of Locust camp, to- 
A\'ard the Frederick farm. 

East of Inspiration Point, a rather sliort ridge extends along the water- 
shed road northward to Overlook Point. Along its northern end there are 
several small depressions or kettle holes, which are very tiny when compared 
with the much larger hollows between the long ridges extending from the 
Calvary cemetery to Moraine farm and Delco Dell. 

10. Tlte liidgCH (Did Ilolloics of C'<dvari/ Cciuctcrii 

It is evident that tlie Calvary cemetery topograpliy is identical with that 
seen among the ^loraine farm and Delco Dell ridges. Long, approxi- 
mately parallel ridges extend in a geiiei-al north and south direction, and 
are connected by sliort transverse ridges, dividing tlie inter\'ening valleys 
into short enclosed hollows. 

Between the northern end of the Cha])el ridge and the western boundary 
of the cemetery, along the western margin of the bluffs, there are seven 
ridges, with intermediate hollows, all running in an a])proximately north 
and south direction. 

The Chapel ridge formerly extended beyond its jn-esent termination, at 
the gravel pit, Tiorthward as far as the bluff's, but this i)art has been removed 
almost entirely in preparing the approaches for the cemetery. West of the 
Chapel ridge is the long Ijohman ridge, terminating northwest of the chapel 
in a hiffh knoll. West of the northern end of the T^ohman ridoe is a ridge 
terminating northward at the Zitter monimient. At the southern margin 
of the cemetery, this ridge is separated from the Calvary ridge by a deep 
hollow. 
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The Calvary rido-e is tlie most elevated and conspicuous ridge in the 
cemetery, tlie highest ])art Iteing occu])ied liy the heautiful Calvary monu- 
ment. Northward tliis ridge terminates at the mound, on the edge of the 
hluff's, immediately north of the cemetery grounds. The latter has been 
opened se\'eral times and some "mound-liuilders" relics ha\e been obtained 
from it. Recently, the northern part of this ridge has been regraded, ex- 
posing large numbers of gravel boulders among the coarse pelililes forming 
the top part of tlie ridge. ]\lany of tliese boulders equalled a foot in diame- 
ter, and some exceeded this dimension. Formerly a long trans\'ei'se ridge 
extended from a ])oint about a hundred feet south of the Cahary monu- 
ment diagonally no)■theast\^•ard toward the Zitter monument, already men- 
tioned, at the northern edge of the cemetery. 'I'his transverse ridge is the 
Fast Fort ridge. ^Vlong its crest formerly extended the low earth-\\'all 
forming the eastern boundary of the "Mound-builder" fort wliich occupied 
a considerable |)ai't of the ])i-esent cemetei-y grounds, inclosing about twen- 
ty-four acres of land. 

A\^est of the Cah ary I'idge is tlie (Ti'a\el I'it ridge. At the noi'tbern end 
of this I'idge, immediately noiih of the cemetery grounds, is tlie large gra^'el 
pit, at present o])erated by the Dayton AVashed (Travel and Sand Company. 
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The top of this pit is 185 tVct ;il)o\ c tlic level oi' tlie eaiiah and tlie ^;i-a\el pit 
itself has a vertical face of 14)5 feet, tiie hase of tiie ])it heing 4.0 feet above 
the level of the canal. Southwest of tlie Calvary inonniiient, tlie crest of this 
ri(li2,e is ti-aversed hy a woodland load wliich neai' the eiiti'aiice to the woods 
passes through the southern gateway itf the "Mound-buildei'" fort. 

AVest of the iioi-thern end of the (ii'avel Pit ridge there are tliree ridges, 
the first of which skii'ts the eastern edge of the \voods on tlie w estern side of 
the cemetery; the second ridge extends southward tln-ough the denser ])ai'ts 
of these woods; and the third ridge follows tlie margin on tlie bluff's on the 
western side of the cemetery grounds. This third ridge is the one followed 
by the western part of the low earthwork enclosing the "Mound-builder" 
fort. 
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View of the wcstcin part of the suuthcrn earth wall of the fort in the Cilvary eeinelcry, hmking eastward 
toward the southern gatewa\-, which is at the edge nf tlie wnods. 



CHAPTER II 

THE 3IOUND-BUILDER FORT IX CALVARY CEMETERY 

77. The iMouiul-Biiildcr Fori in ('(dvarif Ccmetcrji 
The early races iuhalMting this country betore the arrival of the white 
man must liave found the deep JioUows, surrovmded on all sides by ridges, 
convenient natural refuges \vhen attacked l)y tlieir enemies. There is abun- 
dant evidence that a part of the high land l)oi-(lering the blutf's, along the 
northwestern part of the Calvary cemetery, was used for such a purpose. 
In fact, several hollows here were enclosed by the same earthwork, the low 
earth end^ankment forming the walls of the fort taking advantage, as far 
as possible, of the ridges already present. 

At the time of the advent of the white man, the Indians, then inhabiting 
the country, did not make use of the fort on the bluff's. In fact, they did 
not use any of the forts found in this i)art of Ohio, nor did they retain any 
memoi-v of their use as forts. ^Joi-eover, the great age of the trees gi-owing 
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Oil tlie earth-walls, indicates their neglect for se\ci'al centuries. Under 
tliese circumstances it was natni-al to ascrihe the construction of the eartli- 
work forts in Ohio to anotlier race — the ■"mound l)uilders." Howexer. it is 
readilv ])ossii)le that the so-c'alk'd mound liuihlers were merely early trilies 
of Indians, with \ei'v dift'ei'ent customs and with a \'ery different stay'e of 
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civilization from tliat attained by the Indians wlio were in actual possession 
when this conntrj' was tirst visited hy Europeans. 

Thirty years ago, the walls of the Calvary cemetery fort could be traced 
along- their entire course. Parts are still preserved. From the mound at 
the northern end of tlie Calvary ridge the earth-wall descends tiie deep 
gully eastward and ascends the steep hillside on the other side of the gully, 
but this part of the wall is almost obliterated. Farther eastward, where the 
wall crosses the head of a much smaller gully, the earth-wall may be distin- 
guished even fi'om a distance. East of tliis second gully the earth-wall 
formerly turned rather abruptly soutliwestward, along the crest of the East 
Fort ]'idge, now occupied liy the Zitter, Weingartner, Ptlaum and Stom])s 
monuments, to a point aliout 100 feet south of the Calvary monument, lie- 
yond tjiis point it extended in a somewliat more westerly direction as far as 
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the southern gateway to the foi't. Only tlie last 200 feet of this part of the 
wall is still ])reserve(l. All of the east wall has heeii reniox'ed in regrading 
the cemetery. 

The southwestern and westeiMi part of tlie earth-wall surrounding tlie 
fort, on tile eontrai'y, is \'ery well ])i'esei'\'ed. From the soutliei'n gateway 
tlie wall extends \vestward as far as the hluflfs on the western margin of the 
cemetery grounds. A woodland road follows the northern side of this part 
of the ■wall. The southwestern part of the fort was its most vulnerable 
portion since here several ridges reach the wall, from the south, at about the 
same level as the wall. One of these ritlges leads directly into the fort at its 
southern gateway, and is used at present by a woodland road. Another 
ridge lies farther west\vard, and is reached by the road diverging southwest- 
ward from the gateway. There is also high land at the soiithwestern angle 
of the fort. Therefore, the entire sovithwestern line of the fort was still 
further ])rotected by a long ditch, originally about two or three feet in 
de])th, which still may I)e traced from a i)oint 120 feet north of the gateway 
westward to the soutln\estern angle of the fort. Formerly it extended also 
eastward, almost as far as the crest of the Calvary ridge. 

From the western end of the ditch, at the sonthwestern angle of the fort, 
the earth-wall extends northward along the u])per edge of the blnfifs. At 
one point it is intennipted by a second ga]) or gateway, where a small s])in' 
])i'ojects westward from tlie margin of the bluff. From this ])oint the earth- 
woi-k takes a moi'c northeasterly course, as far as the high knob several hun- 
di'ed feet dii'ectly west of tlie northern tei'mination of the Crraxcl Pit I'idge. 
>\long most of tliis w<_'sterii ])art of the fort the woodland road follows the 
eastern margin of the earth-wall, but se\'ei-al hundred feet nortli of the 
western gateway the I'oad asct'uds the wall, and from this ])oint northward 
it follo-ws the crest of the wall. 

The ])i'esent height of the earth-wall, along the southern and western 
margin of the fort, rari^ly exceeds tivv feet, and fre(|uently ccjuals only three 
feet. Tlie oi'iginal height evidently exceeded ti\'e feet, but prolinlily oidy 
to a modei'ate extent. 

r'l'om tln' knob at the noi'thwestern edge of the fort the wall followed 
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the iKn'thcrn vdgf of the l)hitt'.s as far as the ihouih] ah'eady mentioned, hut 
this part of the wall is hut poorly ])resei'\e(l at ])resent. 

The entire space inehuletl \\ ithin this earthwork is estimated at 24 aei-es. 
It included ahout eight hollows, of which sevei'al weie f'aiily dee]). Only 
those hollows which occurred in the \\estern half of tiie fort have not heen 
disturhed hy regrading. 

That this earthwork, notwithstanding its apparently iK)or ada])tahility 
for pvu'poses of defense, was of great value is indicated by the existence of 
numerous similar earthworks or forts scattered over a wide range of terri- 
tory in Ohio and neighboring states. It is inconceivable that such laborious 
work should have been undertaken, unless forts of this type were known to 
be effective. It is much more probable that, in (Uir ignorance of the type of 
warfare then prevailing, we fail to realize how well these forts fultilled their 
purpose. 

It is interesting to note that the earth used in the construction of the 
Cemetery fort consists of clay. ^\bile the surrounding land consists chiefly 
of gravel with a very thin surface of soil. A])i)arently the clay used foi- the 
fort Avails was brought from a distance of at least several hundred yards in 
baskets. The walls \\ere built up dii'ectly on the ]ire\iously existing land 
slopes, there being no e^■idence of any alteration of the pre^'iously existing 
topography beyond the addition of the eai'th-walls. 



[41] 




Gra\L-l pit at nni-ih(,rn L-n^l nf (h^iju.] tiilge, in ( '.iKarN' i. '.■iiu',( r\", ^ll^l\\■ln,^ thc 
thf gravels in a direction parallel to the length of the ridge. 



CHAPTER III 

GRAVEL RIDGES DEPOSITED BY STREAMS 

i.-'. The Origin of Fchhlcs and Gravel 

In determining- the origin of the long parallel I'idges south of Dayton 
the most obvious fact is that all are composed of gravel, in other words, of 
rounded stones or pebbles. Xow, every geologist knows that pebbles are 
only the rounded fragments of larger rock masses. In their original state 
rocks mav occur as a series of successive layers, more or less interbedded 
with clav. or as large irregular masses of rock, often continuous over many 
scpiare miles of territory, but never in the form of rounded pebbles. Any 
one visiting the large (|uarry northwest of the railroad station at Center- 
ville, or the much smaller cjuarries in the vicinity of Dayton, can not fail 
to be im])ressed bv the occurrence of these rocks in layers, often differing 
greatly in thickness, but extending laterally o\er wide areas. Similar facts 
mav be noticed in the big railroad cut south of the water-works at Miamis- 
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burg, and aloiii)- the beds of many streams, wliere tlie stone has no commer- 
cial A'ahie. In fact, hmestone, sandstone, clay, and shale always occur in 
layers of different degi'ees of thickness. 

Where\'er fragments of limestone occiu' in smaller masses, these h-dve 
been broken off from the much more exteirsive layers, of which originally 
they formed a part, either by the \'io]ence of some sj^ring or summer freshet 
or by the wedging action of freezing Avater, where it has penetrated into 
some crevice of the rock, in \vinter. JMassive rocks jnay be split by the 
growth of entering roots of trees. Even alternations of heat and cold may 
play a part, causing the exposed surfaces of rocks to ex])and or contract 
more than the less accessible inner parts. In fact, many agencies tend to 
reduce rocks to fragments, but these fragments at first are irregular in 
form and angular in outline. 

All fragments remain angular until I'ounded by the action of running 
water. The farther rock fi'agments are traced down stream, from their 
parent layers or ledges, the more rounded tliey become. The original angu- 
lar corners e\'idently lune been ground off. The sand carried along by the 
stream is the cliief grinding material. It is not pushed against the rock 
by the running water as lirmh' as sandpaper in the hand might l)e forced 
against a piece of wood, ])ut tjie final results may be the same. The angular 
corners of the rock fragments gradually are rounded off. Kvery little 
freshet distiu'bs tlie position of tlie fragments enough to cause them to ]jre- 
sent other angles to tlie action of tlie sand. Sooner or later the more or less 
rounded forms "which we expect among the pebbles of gi-a\el are produced. 
That such a haj^liazard method of rounding should result in spherical forms 
is scarcely to be ex|iected, and spherical forms are ^ery rare. Howe\'er, 
pebbles with all of their angles more or less rounded off' are very common, 
and rounded ]iebbles. no matter where found, always are evidence of the 
former ])]-esence oi' running water. 

The rolling action of pebbles along the bed of a stream, during hip-h 
\\'ater, often may be heard by putting the ears lielow water le\'el. The noise 
is evidence of the A'iolcnce of the inijiact of the ])ebl)les against each other. 
The quickness with whicfi l)ricks along the seashore are reduced to rounded 
form is evidence of the eff'ecti\eness of a rolling motion in ])rodncing 
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rounded forms. Along tlie Ohio ri\cr, tntii'L' l)argc\s of coal fi'e(|uent]y are 
wrecked and sink to the hottom. In ch-y sniiinier niontlis, ])arts of the river 
bottom sometimes are so widely ex])osed that the farmei's for miles aronntl 
camp for days on tlie dry parts of the river bed and collect, fi-om amon"^- the 
sands and gravel, the romided pebbles of coal, often almost spherical in 
shape. ]Many a pile of rounded pebbles of coal may be noticed by the ob- 
servant eye in the coal buckets of the natives during the early winter montlis, 
as evidence of their thrift. 




Gravel pit on the hillsides northeast of the (_)hmer Park area, .showing the arrangements of the sands and gravels in 
layers. The inclined la\ers were produced by waters fluwing ti'ward tlie east (left), the successive layers represent- 
ing successively later depi-isils of a vin!entl>- flowing glacial btreain. 



13. The ^Irrangcmciit of Gravel and Sand in 
^l Iternating Lai/er.s 

The sorting of pebbles of various sizes into layers is accomplished in na- 
ture only by the action of mo\'ing water. Any slight increase in the rate 
of flow of a stream causes the current to roll along fragments of slightly 
larger size, in addition to the smaller ])ebbles already set in motion. Any 
slight diminution in the rate of flow allows a large pai't of the heavier peb- 
bles to remain, while many of the lighter pebbles continue their journey. 
The stationary heavier pebbles may be bui-ied by the lighter pebbles which 
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are coiitinuiii''' tlieir travels from farther up stream. Later, tlie finer gravel 
may lie eoxered by the lighter sands, which continue to mo\'e as long as the 
ri\er is not stagnant. 

Then a sndden rise of the stream may roll enough pebbles o\'er the sand 
to serxe as a eo\er lii-fore much of the sand can l)e renio\'e(l by the I'ising 
waters, and thus the circle of deposition may be re^ieated o\ei' and over 
again, — coarser peb])k's, finei- ])ebb]es, sand, finer ])ebbles, coai'sei' pebf)les, 
finer pebbles, sand, — resulting in the distribution of tliese materials in more 
or less boi'izontal altei'uating layers. 

This ai'rangement of gi-a\el and sand into more or less horizontal layers, 
differing in the coarseness of tJie material involved, is one of the most con- 
stant featiu'es of de])osits made under the influence of running uaters. It 
may be recognized even in deposits of the finest sand. It gives rise to the 
thin layers often noticed in sandstones. Occasionally tiiese sandstones are 
stained beautifully with brownish and reddish tints by the presence of iron 
com])ounds. The church at the corner of Forest and (rrand avenues is an 
excellent (.'xample of the use of such sandstones foi- building ])ur])oses. ^Vlso 
in limestones, the presence of thin layers often may be noticed, especially 
wliere tlieir existence has been made more evident by the processes of weath- 
ering. In ])roof of the de])osition of saTid beds liy nmning water, occasion- 
ally e\en the finest lipple marks are retained. Formerly an excellent ex- 
ample of these ripple marks was exposed in the sand beds beneath the till 
de]K)sit immediately nortli of the railroad at the eastern extension of Irving 
avenue, soutlieast of the St. Clary's institute, in the woods long known as 
the "Bi-otbei's' Woods." 

L'l. (iraicJ /i'/Ji;('.v Fi)nuC(l I'lultr flic Infliiciicc of 
Riiiinbiii; Wafer 

We are familial- with the jiresence of sand and gravel in the beds of 
creeks and rixers. A\"e notice their arrangement in layers, along the banks 
of sti'eams, wIkm-c the latter ha\'e been midei'mined more or less by some 
change in the coui'se of the chamiel. AVhen these layers of sand and gi'avel 
occur onlv a modei-ate distance a]io\'e the ]iresent course of the streams, it 
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Ripple marks in the sand beds oceurring licneatli ihi- till in tin- "nrutlurs' Wuml^" smulieast of tiu' St. Mar> 's 
Institute, shnwing tlie deposiliiin i.f llicse sanil,, m currents "f ualer. I 'luilnKrapiied ni 1S95. 

requires no great eft'ort of the imagination to realize that their existence 
here indicates tlie former presence of running water at a higlier leveL 
Either tlie streams formerly Avere larger and tilled up a larger ])art of the 
valley, or tlie present channel lias heen cut down to a lower level. Ho\\ever, 
\vhen the layers of sand and gravel occur at the to])s of jiigh liills. tlie former 
existence of running streams at these Iiigh altitudes seems preposterous, at 
least at first siglit, and tlie presence of sands and gravels at these liigher 
levels requires more detailed explanation. 

The long narrow gra\'el ridges south of Dayton, between C'arrmonte 
and Delco Dell, rise far above the valley liottoms. xVt many ])oints the crests 
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of these ridges rise 80 to 100 feet above the immediately adjacent lowlands, 
\allev l)ottoms, or hollows. Estimating- the eastern margin of the JNIiami 
\alley bottoms, between tiie foot of the bluff's at the Calvary cemetery and 
the ^Moraine farm at 780 feet above sea level, many of the I'idges in the 
Calvary cemetery attain a height of 14.0 feet al)ove this level. The highest 
point of the ridge occupied by the Calvary monument rises fully 100 feet 
abo\e this level. The Pike ridge, west of the Cincinnati ])ike, at the O'Xeil 
road, rises 120 feet aliove the eastern margin of the flat bottom lands. This 
elevation is attained also by the Sunset ridge, where crf>ssed by the Big Hill 
road, north of the JNIoraine farm. Tip Top knob, at the southern end of 
Old Orchard hollow, equals the elevation of the highest part of the Calvary 
ridge, namely 100 feet aliove the eastern margin of the ^liami valley bottom 
lands. The highest part of the Delco Dell ridges rises 140 feet al)ove these 
bottoms. Similar higli points occur along the ridges in tlie Hills and Dales 
area. 

When it is realized that the tops of tliese gravel ridges reach elevations 
of 100 feet above even the most elevated part of the flat l)ottom lands of the 
adjacent part of tlie 3Iiami valley, and that they rise more than ■220 feet 
above the waters in the present channel of the ri\er, the difficulty of account- 
ing for the ])resence of these gravel ridges liy the action of i-unning water 
is fidly appreciated. We are familiar witli the lowering oi- cutting action 
of water. \\'e know tliat water has produced the xalleys which intei'sect the 
hills. However, we are not accustomed to think of water as building gravel 
ridges up to heights far above the le\ el of the valleys. Sucli an idea is too 
suggestive of water running up hill, and ap])ears unreasona])le. Xeverthe- 
less, all the evidence is in fa\or of tlie production of tlie long gravel ridges, 
south of Dayton, by means of running water. Tliis evidence is revealed in 
the numerous gravel pits and road cuts exjiosing the structure of the in- 
terior of the ridges. 

7.7. Ciravcl Pits and Raad Cuts 'Exposbii^- the Structure of the 
Iiiterinr of tlie Gravel liidij^es 

A magnificent exposure of the structure of the interior of one of the 
ffravel ridyes is presented 1)V the gravel i)it immediately north of the Cal- 
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<_iravc] pit nt the Dayton Waslicd Sand anil tiiavcl C(inipan\', \ve?t oi the noitlicrn end of the 
Chape] ridge, at the edge of the- lUiill's north of the Cahary cemetery. 



vary ceniettry grounds, wliere the ^Va.shc(l Gravel and Sand Cmiipany is 
cutting away the northern end df the ridge immediately west of the Calvary 
ridge. Here the gravel pit has a vertical face of 1 1.5 feet. Coarser gravels 
occur near the top. Finer sands are more ahundant near the hottom. The 
arrangement of the gravel and sand in mimerous horizontal layers is clearly 
in evidence. Layers of coarser gra\'els alternate witli finer gravels, and 
hoth are interbeddcd at various levels Avith sand. The structure uiujuestion- 
al)ly is tliat produced by running water. 

How running water could exist at these high IcacIs and build up tliick 
deposits of gravel and sand, a]iparently without tJie assistance of lateral 
confining walls, is anotJier question, whicli will be taken u]i later. For tlie 
present, it is sufficient to em])hasize the fact that the stratification of tlie 
sand and o'ravel, forming tliese ridges, into interbeddcd lavers of different 
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Nei^rer \'if\\' of iiravcl pit at iiiM-lliern end of Chayie! rii.lge, in (.'alvar\' CfnietiTV, shijwing 
arrangL'iiiL'nt of pebbles in layers. See fiage 43, 



degrees of coai'seiiess, is e\'i(lence that these gravel ridges were formed un- 
der the iiitlueiice of running water. 

Another exeellent exposure of the structure of the interior of the gravel 
ridges is presented hy the gravel pit at the northern end of the Chapel ridii'e, 
southeast of the chapel in the Calvary cemetery. Here the gravel pit ex- 
poses a \'ertical face 30 feet in height. The coarsest pebhles again occur 
within 1.5 feet from the top of the ridge, but coarse and fine gravels are in- 
tei'bedded in more or less horizontal layers, and evidently were deposited 
under the influence of running water. 

At tlie western end ol' Mayo avenue, tlie cut through tlie Chapel ridge is 
only 12 feet dee]), but is suHicient to indicate that the coarser pehhles occur 
neai' the top of the ridge. 

The ai'i'angement of the gravels in alternating layers of coarser and 
finer niatei'ial is wi'll shown also by the Pike ridge, at the O'Xeil road cut, 
west of tlie Cincinnati ])il<e. Here the vertical face of the cut is fullv .)0 
feet in height, counting from tlie lowest part of the cut, but tlie hasal part 
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of the cut is covei'ed more or less liy loose <^r;i\el, l)i-ou<^ht down by slump- 
ing. 

Southwest of the siib-])ower station on the Ohio Eleetrie line, south of 
the ()"X"eil road, the large graxcd pit exposes a \ertieal faee KO feet high, 
and southeastward, on the eastei'u side of tlie Cincinnati pikt'. there is a 
gra\el pit at least .">() feet dee]). Still fai'thei' southeast, at the uoi'thei'u 
end of Sunset ridge, on the (^n-ernor C'ox estate, another gra\e] |)it has a 
\ertieal faee of (iO feet, and al the sonlhern end of the .Sunset ridge, on the 
Moi-aine farm, north of tlie Stroo]) road, tliei'e is still anothei- gravel pit, 
w ith a vertical faee of (i.) feet. 

Smxdy these exposui'es ai'e suHieient to re\'eal tlie general ehai'aeter 
and arrangi'ment of the matei'ials foi'ming the gi'aA'el ridges. Since all of 
them agree in showing the de])osition of the sand and gra\'el in layers, undei' 
the iuHuence of ruiminy' water, the e\'idence of the origin of these high 
gravel ridges, so>ith of Dayton, as stream dej^osits. may lie I'egarded as 
conclirsive. 

Hk (rrarcl HidiiCs Deposited hi/ Irregular aiul 
Often Tiirliiih'iit Curreiifs 

The most olnious fact aliout the layei's of ])eh])les and sand in the gravel 
ridges is their irregularity. Usually these layers are not strictly horizontal 
for any great distance. If any layer lie traced along the face of a cut trairs- 
\erse to a I'idge, it often will he seen to rise or fall, sometimes abutting 
against other layers consisting of a different degree of coarseness. Thus, 
the edge of a coarse gravel layer may abut against a moi'e or less inclined 
layer of sand, or a layer of sand may wedge out suddeidy between two la\'- 
ers of gravel. Fre(|uently it is e\'ident that one of the layers of sand and 
gra\'el formerly had a greater lateral extent, but that some change in the 
direction of the curi-ent caused a jiart of the ])reA'iously deposited layers to 
lie cut awav locally, thus altei'ing the sha]X' of the base of the channel over 
which the stream flowed. Then the process of tilling up the channel was 
begun again. Sinu'lar featui'es ai'e shown also in those gravel ]:)its ^vhich 
expose the sti'ucture parallel to the length of the ridge. 
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It is evident that the base of the channels of the streams which formerly 
deposited these sands and gravels must have risen and fallen in a somewhat 
similar manner and with about the same degree of irregularity as the pres- 
ent crests along parts of the ridges. Such al)rupt, irregular changes in the 
deposition of sand and gravel suggest corresponding irregular changes 
in the force and direction of the currents then existing, so that tlie conclu- 
sion can not lie avoided that the gravel ridges south of Dayton were depos- 
ited by currents which often were very irregular and sometimes were verj^ 
turbulent. 

The coarseness of some of the gravel layers, especially in tlie u];)per 2.5 
feet of the ridges, indicates tliat the currents sometimes \\'ere \ery s^vift. 
Pel)bles (i to 8 inches in lengtli are al)uiidaiit. Pel)l)les a foot long are not 
rare, and bouldei's 1.5, 18. and even "i^ inches in length are present, liut are 
not abundant. However, most of the material forming the gra\'el ridges is 
much finer, and implies a less rajjid flow of water. By far the greater part 
of the material consists of coarse sand and of the smaller pebbles, usually 
not exceeding 3 inches in diameter. The larger pebliles may be very nu- 
merous in some of tlie upper layers, but tliey form only a com])arati\'ely 
.small ])art of tlie total mass of the ridges. They suggest rapid currents 
neai' tlie closing stages of stream flow. IIowe\'er, some of the largei' boul- 
ders may have been -washed along only sliort distances by stream action. It 
\v\]\ be sho\\n latei' that the streams depositing the gra^•el ridges flowed 
along channels beneath a great thickness and large expanse of glacial ice, 
and some of the large boulders may lia\e dropped from the roof of these 
subglacial stream channels, lia\iiig lieeii releasetl by the melting of the ice. 
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CHAPTER IV 

DIRECTION OF FLOW OF TIIK STREAMS PRODTtCING 

THE (TRAVEL RIDCiES 

77. Dircclioii (if Fl(nc uf tlic >S7/'(v/;//.v Proclucini^ 
the Gravel liidi^x's 

The direction of flow of tlie streams ])i'o(hiciii(,'' tlie gravel ridges may 
be determined much more reachly than miglit l)e imagined by those not fa- 
miliar with tlie method of conducting such researches. The ])rocedurc is 
simple. 

Soutli of Dayton, the streams producing the gravel ridges must have 
flowed either north or south, in the direction indicated l)y the ridges. 

If the ])ebl)les forming the ridges are merely fi'agments of rock whicli 
have become rounded since they were broken oflf from their original ledges, 
their origin might be ascertained in certain cases mei-ely by determining 
from what kinds of rocks the ])ebbles have been formed, and where rocks of 
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this kind still aiv to 1k' t'ouiul in their oi'i'j'iiuil form as layers or ledges. 
Should any of tlu'se rocks pro\e sntticicntly ])ecn!ia)- to l)e identified read- 
ily, and should the disti'ilnition of tiie layei's or led^yes from which they 
could hax'e been deri\e(l he such as to indicate only one ])ossihle direction 
for the soiu'ce of the I'oek. then the ])i'ohlcm would he sohx-d. 

By sucli methods it has heeii detennined that many of the ])ehl)les found 
in the Lj-ravel i-ii!i>'cs could ha\e come oidy from the north. Hence tlie 
treams ti-ans])ortini;' tlu-se i)ehhles also must ha\e come fi'om the nortli. and 
the associated pehhles, wiiose oriij-in could not he detei'uiined so I'eadily, e\\- 
dently must ha\e been coineyed hy the same currents, from the same direc- 
tion. 

/.s'. The A'o(7..v of fycslcni Ohio and the ^Idjaccnt 
Parts of Indiana 

The method of determinino' the orio-iu of the ])ehhles in the iTra\'el ridges 
near Dayton will he undei'stood more readily if the cliai'acter and distri- 
bution of the I'ocks found in Ohio. Indiana, and that ]3art of Canada which 
lies imme(hatel\' north of tfiese states l>e kno\\n. Vov tliat reason the follow- 
ing brief statement of the ehai'actei' and (hstnbution of these rocks is added : 

If vou were to visit the gorge of the \Vhitewater river, at Richmond, in 
Indiana, you would notice a great mass of conii)arati\'ely thin limestones, 
arranged in liori/ontal layers, often interbedded with more or less clay, the 
entire series being known among geologists as the Richmond beds. Roth 
limestones and clays are richly fossilifei'ous. Many of tlie most interesting 
fossils ]<no\\n to geologists ha\'e been disco\'ei'ed in this gorge. The same 
strata are exposed where the S])ringtield traction line ci'osses the railroad at 
the northt'rn end of Ilufl'man hilk east of Dayton. Kxt-ellent ex|)osures of 
liiclimond beds, at a lower le\eh occur along Holes creek, southeast of 
Moraine park. and. at still lowt'r le\'els. in the big railroad cut along the 
l>ig l''onr railroad south of Miamisburg. The largest Indian mound in the 
Knited States is located on the bill summit, southeast of this railroad cut. 

iVt the north end of the Huffman hill, east of Dayton, at a higher eleva- 
tion than the exposures at Richmond, is found a massne layei' of lime- 
stone, with a different texture and color, and containing a different group 
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of fossils. This rock has hcen (inarried foi- iiiaiiv years at CVMit(_r\ilk-, in tlie 
southern part of this county, and still is used c\tensi\ely in the construction 
of the nviniei'ous pikes in Montyomery and neii^hhorint^' counties. It for- 
merly was well exposed in iUc a])an(loned (|narrv at the Soldiers' Home. 
For many years it was rt'q-arded as identical with the limestones known as 
Clinton, in New ^'ork, hvit at i)resent the name Hrassfield limestone is re- 
garded as more a])i)ro])riate. Its thickness xaries from 18 feet near Dayton 
to ahdut .'U) feet northward, at I'i(|ua. Recently the lirassfield limestone 
has become im])ortant economically on account of its larg'e content of lime 
and its small content of magnesia. ^\n area southeast of Tippecanoe City, 
near AVest Charleston, has been selected as the location for a large cement 
plant. The glacial clay dei)osit o^■erlying the Brasstield limestone fur- 
nishes the necessary silica and alumina. 

Overlying the Brasstield limestone is a very white and dense limestone, 
usually with very few fossils, formerly abundantly cjuarried in the vicinity 
of Dayton, and extensively vised for window sills, porch ilagging, side- 
walks, and gutter stone. The courthouse, and several of the churches on 
Ludlow street, in Dayton, were constructed of this stone. The upper part 
of the (piarry at Centerville furni.shes an abmidance of tiiis solid white stone. 
Xumerous quarries formerly existed southeast of Dayton, along the 
Smithville road, also south of the asylum grounds, and in the vicinity of 
Beavertown. 

The first railroad at Dayton ran fiom the central part of the city diago- 
nally, southeastward, across the commons to the (|uari'ies, which at that time 
existed along the Smithville road, northeast of the Ohmer Park plat. Some 
parts of the old riglit-of-way of this railroad may be traced still in the 
woods, near the former (|uarries, and only a few years ago the old railway 
embankment could be followed from these woods for more than half a mile 
northwestward, toward Dayton. Under the name of Dayton liiuestone this 
rock was transported to distant localities, and was at one time extensively 
used in the construction of buildings, the white color of the Dayton stone 
producing a pleasing contrast with the red color of the brick. The Dayton 
Umestone is o\'erlaid by a series of limestones and clayey shales called the 
Osgood bed, after a locality in Indiana. 
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On tlie way to Springtiekl, from the windows of tlie railroad train, 
cliffs of massive rock may be seen wliicli belon<>' at a hi<^lier level than the 
Osgood bed. The basal part of this massive rock, from (! to 8 feet in thick- 
ness, is rather porous and is \aluable only for crushed rock. The im- 
mediately overlying i)art is nuich more dense; it is comparatively e\en 
bedded and is quarried for building purposes. Com])ared with the Dayton 
limestone it is softer and has a more yellowish tint. The same rock is ex- 
posed at several quarries north of the Katon pike, between Kingsville and 
the Union pike, about 3 miles west of Dayton. Here its thickness is 8 feet. 
The building rock contains an abundance of a peculiar large shell called 
Pciitatncnis ohJongus, and is known as the Springfield limestone. The 
Springfield limestone contains too large a content of silica and alumina to 
burn into a valuable lime. 

The upper part of the rock at the Springfield quarries consists of a 
much more massive limestone, not at all suitable for a building stone, but 
very useful for quicklime. In the vicinity of Cedarville, this is the only 
stone exposed in the qiiarries and hence it is called the Cedarville stone. 
Numerous lime kilns have been constructed where this stone is exposed. 
The Shoup bme kiln, miles north of Dayton, on the Troy pike, east of 
the ]Miami river, still is in oi)eration. Lime kilns formerly existed also 
west of Dayton, at the localities north of the Eaton ]5ike, already men- 
tioned. In Canada, rock corresponding to the Cedai-ville limestone is 
known as the Guelph. The Cedarville limestone is one of the three most 
valuable limestones utilized in Ohio for the manufactvu'e of lime. It is an 
almost pure carbonate of lime and magnesia, with very little silica or 
alumina. 

At the southern point of Put-in-Bay island there is exposed a consid- 
erable thickness of limestone, some of which is very thin bedded or lami- 
nated. This is a part of the ]\Ionroe limestone which underlies a greater 
part of the state of Ohio than any other large division of rock excepting 
the coal measures of the eastern part of the state. This limestone extends 
southward as far as Wapakoneta, St. Paris, Ur})ana, London, Washington 
Courthouse, and Yanceburg on the Ohio ri\'er. 

In the large quarries visible from the railroad train just before enter- 
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int>' C'olniiilius, tlif C'olniiilms or Onoiula^'a liniestoiR' is t'\])nse(l. CVrtain 
layers of this limestone contain numerous Hsli teetli ami other tish remains. 
This limestone extends northwai'd to Kelieys island, east of Put-in-Bay, 
and exposures are found also in Miehi,i;'an and southern Ontario. 

AI)o\e the C'ohimlins limestone oeeurs a clayey limestone, more or less 
interbedded with shal\' clay layers, often containing numerous shells and 
other remains of formei- marine life, readily weatheriny out of tlie clav. 
This limestone is ex|)osed in \arious ]»arts of Michi^'an and in that part of 
Ontai'io which lies l)et\\een the southern end of Lake Huron and Lake 
Krie. It extends also southwai'd throiii^ii centi'al ()hio to 1 )<.'ia\\ai'e and 
C'olumhus. It is known as the Delawai'e limestoni'. 

I'roceedin^' southward from Dayton, alon,L>' the \alle\' of the Miami 
ri\ei\ the series of tiiin hmestones and clays, known as the Richmond i^i'oup 
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of rockfs, continues to lie exposed as far south as Miamisliurg. From the 
vicinity of Franklin to beyond Hamilton, a lower series of tliin limestones 
and clays, known as the Maysville gi'oup, from a locality in Kentucky, is 
exposed. ^Vt a still Idwer level, from below Hamilton to near low water 
in the Ohio river at Cincinnati, a third series of limestones and shales. 
known as the P^den group, from Eden Pai'k. in Cincinnati, is present. 

If noAv the names of the various limestones here mentioned he arranged 
in a vertical column, the name of the rock belonging lowest in the series 
being placed at the bottom, and the names of the overlying rocks lieiug 
placed successively nearer the top. the following list would result: 

Delaware limestone 

Columbus limestone 

^lonroe limestone 

Cedarville limestone 

S])ringtield limestone 

Osgood limestone and clay shale 

Dayton limestone 

Brasstield limestone 

Richmond grou]) of limestone and clay 

]Mays\'ille grou]) of limestone and clay 

Eden group of limestone and clay. 

In this form the list might be called a list of the rocks of western ( )hio, 
eastern Indiana, southern Michigan, and soutliei'u ()ntai'io. It is not a 
comijlete list, nor is it such a list as would be ])ublished by geologists. 
AVhile most of tliese names apply only to minor divisions of rocks, the so- 
called gron))s include sei'ies of sti'ata whose total thickness is \astly greater. 
XcA'crtlieless. this list will ser\'e to designate some of the rocks of interest 
in detei'mining the origin of the ])ebbles in the gra\el ridges, soiith of 
Dayton. 

J.'i. Dif/'frciii-c.s- jnctrcccii Rnch-.s Ihlnii^iiii^- la Di/fcrciit 
Ciroups (ir SNhdivisioii.s 

On becoming sufhciently familial' \\ith the different limestones named 
in the ])receding list, it will l)e noticed that all diff'er more or less in their 
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density, porosity, and hardness, and in tlie eoarseness of their yrain. Some 
of the limestones are well hedded, or separate readily into lioi'izontal layers 
from a few inches to a foot or m(M-e in tliickness. in other I'oeks the bed- 
ding- is very irregular, or the rock may not separate readily into iayei's. In 
the latter ease the rock may be called massi\e. In snme rocks, even tlie indi- 
vidnal layers are seen to be made np of many \ery thin sheets, which, how- 
ever, do not separate readily from one another, but remain firmly attached 
so as to form a single, solid layer, several inches thick. Different limestones 
differ more or less in color. They differ often considei'ably in cliemical 
composition, and althongh this difference may not be recognized readily l)y 
the average oliserver, the limekiln operator soon learns that there are dif- 
ferences. Some I'ocks are more suitable for lime tlian others. Some produce 
quick setting limes, others pnuluce limes that set more slowly. Tliere are 
diffVrences e\eu in the layei's of tlie same (juarry. 

20. Di/f'crciit FofsKils Found in Different (iroiips of Hoeks 

There are differences also in the fossils found in diffei'cnt layers of 
rock. Each of the limestones here listed is chai'acteri/.ed by a different 
group of fossils. 

It is taken for granted that the reader knows that fossils are merely the 
remains of former living animals, consisting usually of the hard ])arts, 
such as shells and bones, which have resisted decay. The term fossil may 
be used also to indicate impression of these hard parts and is lial)le to 
be used for almost any evidence of the former presence of life if sufHciently 
distinct to suggest the nature of the animal. 

As a rule, it does not recpiire a ]n'ofound knowledge of fossils to be 
able to recognize the differences in the fossils found in different layers. 
The average student of geology at college does not spend .50 hours in the 
study of fossils, and the knowledge acquired in this short time can scarcely 
be called profound. Usually only a slight acquaintance with fossils is 
necessary to determine to what subdivision any ex])osure of I'ocks belongs, 
provided that the fossils occur in the rock in sutficient abundance. But it 
mjo-ht retpiire more expert knowledge to identify any rock with confidence 
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if the enclosed Inssils are hotli rare and pnorh' |)i-escr\'f(l. However, it 
\\oul<l astonish iimst pei'sons not faniihar witli sueli stn(hes to ohsei'\'e witli 
what s])ee<] and eontidenee an ex])ert n'eolo^ist. ahvady famihar with the 
eliaraeteristie fossils of tlie (htt'erent hniestones ean identify tlie hitter ])ro- 
\ ided tliat the roek he sn]j])lied fairly well w ith fossil I'eniains. 



:J1. Ildxc to IJctcniiiiic From friiat Siihdiiis/on.s of Noch's 
(\rUiiii Pihhhs JVcrc Dvrh'vd 

It is (juite e\ident that rre(|nently it must l)e <|nite easy to detern)ine 
the snl)di\ision of limestone from whieh a eeiiaiii |)ehl)le \\as deri\ed. 

r\)i' instanee, pehliles deri\ed oi'ii>'inallv from the hi-eakin;^' n]) and 
roundini;' of fragments of (.'liiiton limestone ai'e lik'ely to hreak I'atlier 
readily nnder the hlows of a hamniei'. The i^'rain is eoarse and ei'ystalline. 
The I'oek nsnally dots not show distinct hed(h'n,f>'. The coloi- is salmon 
brown, pinkish, oi- yray. 

]'el)l)les derived froni Dayton limestone ai'e likelv t(T he hard. \"ei'y tine 
grained, and i'eniarkal)ly \\hite. 

Some of the pehhles (k'rixed fi'om the ^lonroe limestone are tine 
grained. \try hard, and show that the rock is made h|) of mimei'ous Aery 
thin layei's. wliieh. howexei'. do not sepai'ate fi'om one another readily. The 
color may fie light hine or do\e colored. 

The sonrees of some of the ])ehhles ma\' he reeogni'/ed by means of tlie 
fossils which they contain. l^'re(|nently wlu'ii ])elihlcs are liroken up. they 
are fonnd to contain fossils which can he idt-ntdicd readilw and if these 
fossils are contined to only one oi' two of the xai'ious snhdi\ isions of rocks, 
tlie sonrce of the I'ock foi-ming the pehhle nsually ma\' he (U'termined I'ead- 
ily. till.' charac-ter of the I'oek making np the jjehhle assisting gi'catly in 
this identiticatioii. 

h'or instance', the pi'esenci; of tlu' large shell. Pciiftiincnis ohloui^us 
{ I'^igiiri' 1 .). on page 2()S I . p rex ions ly named, if occur ring in a fairly (kiise. 
fine grained hmesloiir of a \illo\\ isli tint suggests the Springtield limestone 
as the sonrce of the pehlile. 

( )ccasionall\' fossils may lie found eiitirelv free of the suri'onnding 
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rock. For instancv, Spiiifcr pt'iniahi.s \x\}vd\.vd\y has hurn round in the 
vicinity of Dayton, in o'ravcLs ami other loose deposils. It is a chai'acter- 
istic fossil of the Hamilton formation, tlie apj^roxiiiiate e(|ui\'alent of the 
Delaware limestone, and its source may be determined as haxing been that 
of some Hamilton rock, even if no ])art of the rock formerly surroundinfr 
the fossil remains attached to the latter. 

x'?. The Sdiircc of the Limestone Pe])J)Ie.s Found in tlic Gravel 
Ridges Sou tit of Daijton 

On investigating- the pebbles found in the gravel ridges south of Day- 
ton, no specimens which could have been derived from the Eden or ^lays- 
ville limestones, in the southwestern ])art of Ohio, south of jNIiamisbvu'g 
and Franklin, were noticed. This suggests that the currents of water 
producing these ridges did not flow from south to north. 

On the contrary, pebbles of each kind of rock found north of Dayton, 
from the Richmond limestone to the Delaware marly limestone, were 
found. Evidently the ciu'rents flowed from noi-th to south. 

Certain among these limestones are mucli more frecjuentiy represented 
among tliese ])ebbles than others. 

Pebbles of Richmond limestone are abundantly represented and are 
easily recognized, usually being \'ery fossiliferous. They form fully 14 
per cent of the total number of the larger sized pebbles, 4- inches or more 
in diameter. The great quantity of pebbles from the Richmond limestone 
is explained bv the fact that the rock occurs in thin layers, readily broken 
off; it is abundantly represented immediately north of Dayton, and the 
rock fragments \\ere transported such short distances that they were not 
much ground up during transportation. 

Fragments of Brassfield or so-called Clinton limestone are not com- 
mon, but form only a small percentage of the total munber of pebbles in 
the o-ravel ridsres. Xorth of Dayton this limestone forms massive cliffs 
not readily broken up, and the area within which this rock reaches the 
STU'face is comparatively small. Hence the probability of discovering peb- 
bles from this source is small. 

Similar statements might be made regarding the Dayton limestone. 
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The cut across the Pike ridge at the O'Xeil road, looking southward. Notice the narrowness of the ridge along the 
top and the steepness of slope of the sides. The photograph was taken from tiio great a distance to show the hori- 
zontal hedding of the gravel and sand layers. Some of the pebbles found at this locality' contained fossils known to 
occur i-.nly in Columbus limestone. This limestone crops otU also in (")ntario. mu the eastern side of Lake Huron, 
and this probably was the origin of the pebbles. 



Tlie iTick i.s hard and the area of exposure is comparatively small. Only 
an insi<i'niticaiit part of the pclibles in the ,<>'ravel ridges consists ()f this 
rock. 

By far the largest pr()])ortion of t]ie limestone pebbles occurring in the 
gravel I'idges consist of Springfield. C'edarville, and ]Moiu'oe rock. a\ ith the 
C'edarvilJe apparently largely predoniinating. Tliese three limestones fur- 
nish about 70 ])er cent of the total number of ]xbbles 4 inches or more in 
diametei'. ( )f course, these rocks are ])resent in the form of continuous 
lavers or ledges ovei' wide areas north of Dayton. 

Sevei'al jiebliles of Cohimbiis limestone, containing excellent fossils, 
easih' recogni'/ed. ^\ei'e obtained along diffei'ent jnirts of the gra\el ridges 
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between the Calvary cemetery aiul Delco Dell. Tlie original ledges from 
which these Columbus limestone pebbles were ol)taine(l occurred either in 
the extreme northern part of the state or fartlier nortii, in .Michigan and 
Ontario. The rock is rather soft and easily broken u]). The area of ex])os- 
lu'e northward is not very great and the distance over which transportation 
took place was considerable. Hence not many pebliles of this rock are to 
be expected. Although the Columbus limestone is abundantly exposed 
near Columbus, Ohio, it is known that the direction of transportation of 
the rock toward Dayton was from the nortli, not from tlie east. 

Evidently the very soft marly Delaware limestone was not well 
adapted for distant transportation, and only occasional pebbles of rock 
or free fossils from this source are foimd. 

This leaves IG per cent of the total nimiber of larger sized pebbles in 
the gravel ridges south of Dayton not accounted for. This 16 per cent of 
the total number of pebbles does not consist of any of tlie limestones listed 
abo^'e. l)ut is made up of the granitic and metamorphic rock materials, dis- 
cussed on pages 71-74<. 

■23. Tlie Sdinhstdiics <iiid Slialcs of X(}rt}iici'stiT)i Oliio and 

^Idjaceiit States 

Western Ohio, eastern Indiana, southern Michigan, and southern On- 
tario are pre-eminently limestone counti'ies. North of Dayton the various 
limestones are interbedded witli very little clay or clay sliale, and practi- 
cally none of this softer clay or clay shale can he identified among the 
materials forming the gravel ridges south of Dayton. 

In the northern part of Ohio a little sandstone is interbedded locally 
in the middle of the JSlonroe limestone, but no pebbles of this sandstone 
have been recognized among the pebbles at Dayton. In fact, sandstone of 
any sort or derivation is exceedingly rare among tliese pebbles. Occasion- 
ally, a fragment of sandstone occurs which a])])eai's to have been derived 
from some northern ecjuivalent of the Waverly sandstone, as exposed in 
various ])arts of the southern peninsida of ^lichigan. 

Consideral)le Ohio black shale undei'lies various parts of northwestern 

[ r..5 ] 



GEOI.()(;V OF DAYTOX AND VICINITY 

Oliii) and adjacent ^1 icliiifaii, lint none of tliis black shale appears among 
the pebbles at Dayton. It is entirely too soft to bear trans]jortation for 
sneh a long distance. 

In order of snecession, the Oliio l)lack shale belongs aljove the Delaware 
limestone and is o\erlaid by the ^Vaverly sandstone. 

J-Ll. Ilinc liochs Arc Fanned 

Kvery one is familiar with the fact that when gravel or sand are mixed 
A\ith cement or lime in the ]ii-esence of water, the entire mixture finally be- 
comes hard, like rock. In fact, it is rock. It is jnst as much rock as any 
found in natui'e. It differs meixdy in Inning been foi'med artificially. Or- 
dinary rock, such as sandstone and limestone, also consists of sand or fos- 
sil fi'agments ceineiited together by natural cement or lime. 

In the case of sandstone, the cemented fragments consist chiefly of small 
])articles of (jnartz, and tiie cementing matei'ial may be either lime, silica, 
o)' some iron compound. In the sti'ongly colored red oi- brown sandstones, 
such as those used foi- the construction of the ehureh at the corner of Forest 
and Cxrand a\ennes, in Kivei'dale, the cementing material consists chiefly 
of iron comjjounds. In the case of the ordinary sandstones, lime frecpiently 
is the cementing matei'ial. 

The process is simjde. \Vater percolating through decaying veii'eta- 
tion or animal matei'ial al)sorbs carbon dioxid gas, and in the presence of 
this gas dissolves minute (|uaiitities of the limestone through which it 
passes. At greater (le])ths, where the water is under greater ])ressure, the 
amount of limestone dissohcd is greater. On coming to the svu'face, -where 
the carbon dioxid gas esca])es. all of this limestone can not be held in solu- 
tion, and ])art of it is deposited. At some localities it is deposited in such 
large (piantities on did sticks and lea\es which may happen to lie aroimd at 
the ])oint of exit of the see])ing water that these become encrusted \vith 
lime or ai'c entireh' co\x'red \>v the same. In these eases, on breaking open 
the lime dejjosit, beautil'ul impi'essions of lea\'es of trees often are found. 
Fxeellent exam])les of such leaf impressions are found by breaking up the 
])oi'ons, reddish brow n lime incinistations at the western end of the lake in 
the (rlen at ^"ellow Springs. 
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Thin la>er of sand cons^iliilated int^^ rf>ck and iinw forniinjj: the tnp ot a liltic watcrta 
lYtL- brook running throuj^li the Dr. ScheiljL'nzuhcr lann. 



In Ihv bed nt" 
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Wliere this lime is deposited in the crevices hetween sand grains, the 
loose sand becomes converted into sandstone. Sometimes parts of gravel 
beds are con\ erted locally into solid rock. Excellent examples of this occur 
around Dayton. Large masses of consolidated gravel deposits formerly 
were seen ah^ig the bluffs, west of the Jewish cemeterj% northeast of 
Carrmonte. Interesting examples are seen along the l^rook running south- 
west of the Dr. Scheibenzuber house toward Delco Dell. At one locality 
a thin sand bed has been consolidated into a hard sandstone, and along 
both Itranches of the l)rook this sandstone has given rise to a tiny waterfall. 

Farther up stream, thicker layers of gravel have been consolidated into 
rock layers, the fragments of which ha\e fallen down the hillside, toward 
the brook. In these consolidated fragments the original pebbles of the 
gravel may be recognized readily. Sometimes the consolidation of tlie 
gravel is not uniform and very irregular lilocks result, often producing 
very pictiu'escjue effects. 

At one locality along tlie western margin of the Mad Kiver road, a 
little over half a mile south of tlie David church, tlie unconsolidated part 
of one of these cemented gravel layers has been A\'ashed a\vay so as to leave 
a ])art of the cemented gravel layer behind in the form of a tiny rock 
bridge. Picture on page l-t9. 

W^liat causes the lime to be deposited in one layer of gravel without 
affecting to any great extent the layers of sand or gravel at lower or 
higher le\els, of course, can not always l)e determined. Frecpiently the 
cemented layer is underlaid oi' overlaid l)y a more clayey layer through 
\vhich the watei' does not percolate I'eadily. 

In the case of the coarser grained limestones formed at the liottom of 
the sea, the grains usually consist of fragments of sliells or other mai'ine 
organisms which have become I'ounded Ity the wasli of the wa\es and con- 
solidated bv the infiltration, lietween the fi-agmeiits. of mud impregnated 
with lime. In the course of ages this mud and lime harden into rock, land- 
ing the entire material togethei'. In some limestones the nuid element 
may form (|uite a consideralile pai't of the consolidated rock. In other lime- 
stones even the infiltrated mud may be calcareous so that the limestone 
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Several gravel bnnldcrs alnng tlTc northern edge nf ilit- l.n.nik runnin>; 
thruiigli the ])r. Sclieibeiizulicr I'arin. 




Gravel boulder nnrth of the lirook running lhroiij;li ilr I )r. Scheibenzubur farm. 
Large holes ha\e been weathered mtij this bi>idi.ler. 
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may l>e (juite jjuve. The coai'ser the orioiiial t'ra<>'nieiit.s of sIielLs and other 
organisnis, the coarser will appear the grain of tlie rock. In some lime- 
stones the original (le])osit must have consisted almost entirely of calcareous 
mud since no grain can be recognized exce])ting mider the microscope. 

From the preceding notes it will ])ecome evident tliat sandstones and 
limestones are formed by the cementing together of grains of sand or ])ar- 
ticles of shells or othei' calcareous materials, sometimes readily distin- 
guisliable and at other times too tine to be readily recognized as made up of 
individual particles. 

People sometimes ask: Do stones grow ^ A man once removed a 
\"ery large Canadian boulder at considerable ex])ense liecuuse he was 
afraid that if it wei'e used as the support of ])art of a foundation wall it 
might grow and e\entually s])lit the foundation wall. Others lia\e said 
that they knew of s])ecific instances of boulders in the tields which had 
grown within their lifetime. Of course, in this sense rocks never grow. 
It is not ah\'ays ])ossib]e to determine how sucii erroneous im])ressions oi'ig- 
inate. Perhaps in one case the soil was washed away by rains from some 
boulder and allowed more of the lower part of the rock to be exposed. In 
another case, a foundation wall may have settled more where resting upon 
gravel than \\here su])poi'ted by a large boulder, thus gi\ing tlie imjires- 
sion tliat the latter had gi'own. It often is easier to start an erroneous 
impression by inaccurate obser\ations than to correct this impression after 
it has become more oi' less general. 

2lB. The Criniic Sand Lime Brielc Cam pan// 

The use of lime as a binding material in the convei'sion of loose sand 
into solid rock is illustrated by the sand lime brick industry. The pi'ocess 
mav be seen at the C'rume ])lant, southwest of Dayton. A ])icturesque walk 
through the Avoods leading westward from the southei'n gate in the fort at 
the Caharv cemetery leads dii-ectly to the ])lant. The ])ath diverges to- 
^\■al•d the right from the main woodland road passing southward from 
gate of tlie fort, the latter being at the edge of the woods southwest of 
the Cahai'v momunent. An enormous sand ])it has l^een opened by the 
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company alont>' the western edge oF the bhiffs. The sand is mixed with 
hme in detinite proportions, and tiieri tlie mixture is ])ressed t)y machinery 
into the form of bricks. The scarcely coherent bricks arc tlien loaded on 
trucks and nm into long ii-on cylinders about () feet in diameter. The cyl- 
inders are closed and steam is turned on. The lime is con\'erted by the 
steam into slaked lime and this soon hai'dens, convei'ting the compara- 
tively loose sand into hard brick. The lono-er this brick is exposed to tJie 
air, the more it takes up car])on dioxid gas, gradually converting the bind- 
ing material into carl)onate of lime or limestone. The brick company, in 
producing its brick, merely does in a short time what nature accomplishes 
on a much larger scale, but also in a \'ast]y longer period of time, in con- 
verting loose material into sandstone oi' limestone. 

'2Ji. Roch'.s Ori^iiiatiiiff Far Bchnc the Surface of titc EarfJi 

Limestone, beds of clay, shale, and sandstone are all rocks originating 
at the surface of the earth, usually as water deposits, and most frecpiently 
as deposits on the bottom of the ocean. 

Volcanic rocks are those which in a melted form lune tinned tlu'ough 
openings or cracks in the overlying rocks until tJiey ha\e reached the sur- 
face, as lava. When this hn a cools within the cracks without reaching the 
surface of the earth, it is called a dike rock, and when it melts its way in 
enormous masses upward through part of the overlying rocks and cools 
long before reaching the surface, it may be called a dee])-seated I'oek. 
Granites are deep-seated rocks, exposed at the sui'face of the earth only 
where the originally ovei'lying rocks have been removed by millions of 
years of weathering. Granites most eommoidy are grayisi) and reddish in 
color, but some of the deep-seated rocks, such as diorites and diabases, have 
so many dark colored minerals, such as biotite, hornblende, and augite, 
that the general color of the rock is dark green or blackish. 

Xone of these rocks — lavas, dike rocks, or granitic rocks — oeciu' in 
Ohio, Indiana, or in the adjacent ])arts of ^lichigan or Ontario exce])t as 
fragments brought in by some agency from ledges occurring in some more 
northern areas. Xevertheless, representatives of these I'ocks occur among 
the pebbles in the gravel ridges south of Dayton, forming about 10 per cent 
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of the larger pebbles, nieanijig l)y this tliose ])ebbles which equal or ex- 
ceed 4 inches in diameter. Of this 10 per cent, (> per cent consists of i-eddish 
granite, and 4 ])er cent of the dark-colored diorites and diabases, indicating 
that very few rocks originating as lavas or dike rocks are ])resent, since 
tliey are not suftieient in number to equal even oTie ])er cent of tlie total. 

Tlie source of the granitic rocks occurring as ])ebl)les in the gravel 
ridges is in Canada. If a line be drawn from the exti'cme northeastern 
corner of Lake Ontario westward to tlie most eastern angle of (xcorgian 
bay, and thence along the northern shore of this bay and of the channel 
north of ^lanitoulin island A\estward as far as Mar<|uette, on the southern 
shore of Lake Superioi-, then a long east and west line would be secured, 
soutli of which tile ])re\'ailing rocks are limestone, witli lesser amounts of 
saiidstDiR- and sliale, while north of this line tlie deep-seated granitic rocks 
are common, forming the prevailing rock ledges over large extents of 
country. It is the restriction of tlie granitic rocks to these Canadian ter- 
ritories, among areas not too remote from Ohio, wJiicli gives greatest as- 
surance to the average observer of the northern origin of the pebbles found 
in the gra\el ridges south of Dayton. 

It requires some familiarity with fossils and with the different subdi- 
visions of the rocks in whicli they occur to l)e able to a])])reciate that a cer- 
tain ])e1)lile indicates dei'ivation from a northern source, and hence a south- 
ward i\()\v of \\'aters. However, very little information is needed to recog- 
nize cei'tain pebbles as granite, and as different from any I'ock found in the 
form of ledges within Ohio or Indiana. Hence, the ])resence of granite 
pebbles is more commonly cited as an evidence of the northern source of 
the pel)bles in the gravel ridges, although the fossils of some of the lime- 
stone pebbles furnish e(|ually definite evidence. 

:?'5. TJic Quart-:itc. (riieiss. and Other Mctauiorpliic 
Ruclc.s of Ontario 

Sandstone, under the influence of great pressvu'e and heat, in the pres- 
ence of moistui'e, is altei'ed into a much harder rock called quartzite. This 
frequently has a whitish or reddish coloi', and often has a crystalline, more 
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or less glassy appearance, owiiii^' to the enlargenient of the (j\iait/, particles 
of the original sandstone. 

Under the same influences of abnormal pressui'e and heat, granitic 
rocks liave been altered to I'ocks in which the minerals are moi-e or less 




The Lamlicrt boulder, 46 feet Iti cireunifererce, fnunel in the wo(m1s twelve miles west of Da>tuii. 
( )ne of tlu' granitic rocks of (.'aitadian origin. 



arranged in bands or thin layers, often differing in color, and sometimes 
more or less contorted. These granitic rocks are then called gneisses. 
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^^^hen altered sandstones, argillaceous rocks, or granites are so abun- 
dantly supplied with mica or hornblende, arranged in approximately paral- 
lel directions, that the rock splits more or less readily parallel to these 
minerals, the rock is called a mica or hornblende scliist. 

Quartzites, gneisses, and schists are abundantly re])resented among 
the pebldes of the gra\'el I'idges south of Dayton. Tiiey form about G 
per cent (if the total inimber of tlie larger sized ])ebbles ])i'esent. 

Since tliey occur, as solid ledges in this section of tlie country, only 
north of the l)oundary line sepai'ating the limestone areas from the igneous 
rock areas, in other words, nortli of Lake Ontario, Cxeorgian l)ay, tlie north 
channel of Lake Hiu'on, and Lake Superior, it is evident that tlie presence 
of ([uartzites, gneisses and schists among tlie i)el)l)les is further evidence, 
if any were needed, of the northern origin of these pebbles. 

:.iij. Tlw Strc'ain.s Prodnciiii^ ilic (rravcl liidgc.s IVcrc 
of Short Ijfiti^ili 

Although the e\idenee is clear tiiat the streams M'liieh deposited the 
oravel ridges south of l)a\'ton ol)tained these materials from the north, 
this does not prove that tliese streams were of any great length. In other 
words, running water may luive been only one of the transportation agen- 
cies bringing these rocks from their northern sources. It may ha^e been 
only the last acti\'e agency, and the one whicii ])roduced tiie least result, 
as far as tlie distance tiiey actually mo\ed tlie rocks is concerned. Pre- 
viously to the action of water, some other transportation agency may have 
been at work. 

This transportation agency was the ice, in the form of a glacier of 
enormous size. 

We shall see later tliat tlie streams producing the gravel I'iilges ]jrob- 
abh' were of short lengtli, in some cases only a few miles. IIowe\'er, no 
mattei- Iiow sliort, if their direction of How had been northward, some of 
the pel)bles would show c\idence of southern origin, and this is not the 
case. 
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Glacial strix running 15 degrees east nf south across the ufjier surface of the Brasslield limestnne. Photograpli 

taken along the road crossing the hill a little over a milu west of Siniins station, two 

and a half miles northeast of Harshman\ illc. 



CHAPTER V 

DIRECTIOX OF .AIOTIOX OF THE (;LACIAF ICE 

;;??. The Glacial Ice Sheet: Its E.rtcut and Centers 
of Distribution 

As already indicated in the precedino- lines, the greatest transporting 
ao-ency in moving fragments of rock from Canada, and from the nearer 
areas north of ns, sonthward, toward Dayton, was the ice, in the form of 
a glacier of such large size that usually it is referred to as a continental 
glacier. 

This continental glacier covered most of the northern part of the North 
American continent excepting certain ])arts of northei-n Alaska. It orig- 
inated in \arious areas from which the ice spread until it formed a more 
or less continuous sheet. 

Even after the ice sheet was continuous there were certain areas where 
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the accumulation of ice appears to have heeu greatest, aiul which served as 
centers of distrihutiou from which the ice slieet spread in a inoi-e or less 
radiate direction southward. The so-called Ijahrador center occupied the 
hroad ])eniiisula lietween Hudson hay and tlie coast of Lahrador. From 
this ceiitei- tiie ice si)read soutlnvard to Loiii>- Island, New Jersey, Penn- 




Map of Xftrlh America -luring the ylacial ice age. slii.uiiig the < MrMilleran. Kecwatin and Labradrirean centers of 

aceuniulati'jn from wliicii the iee mn\eil. Xote that the continental ice sheet reached 

onl\' tile sontliern iiiarfin of .\laska. (After Chamherlin. ) 

svlvania, Ohio, Indiana and Illinois, reacliini>- the northern horder of Ken- 
tucky hetween Cincinnati and I^ouisville at various localities. 

The Keewatin center occupied the hroad territory lietween Hudson 
bay and the roekies. From this center the ice spread southward to north- 
ern ^Missouri, eastern Kansas. Nebraska and South Dakota, and the north- 
ern parts of North Dakota and Montana. The Ijahrador and Keewatin 
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ice sheets met, and at times more or less on erlapped, aloii^n' a line extending 
along- the upper parts of the present Mississip])i liver and the axis of Lake 
Winnipeg. 

The Cordilleran center occupied the northern Rockies and the ranges 
farther westward. From this center the ice sheet spiead into northei'n 
Washington and Idaho, and nortlnvestern Montana. 

,".-'6'. The Glacial Ice Lobes 

From each of these centers of distribution tlie ice sheet spread south- 
ward, but to various distances, producing an irreguhu- ice front. As was 
to be expected, the ice sheet spread farther southward along the lowlands 
than over the more elevated areas, forming large lobes. 

Thus, during' one of the later stages of the ice sheet, the ^liami lobe 
extended down the Miami river to ^\ithin a slioi't distance of Cincinnati, 
occupying the territory between Xenia, in Oliio. and Connersville, in In- 
diana. 

The Scioto lobe extended as far south as Ilillslioro and Chillicothe, 
and spread laterally from Xenia on tlie west to Lancaster, Newark, and 
Mt. Vernon on the east. The main axis of this lobe lies along the Scioto 
river. In a similar manner the Maumee \ alley, Saginaw Bay, and I^ake 
jNIichigan formed the axes of glacial lol)es. 

:?9. Direction of Motion of (Hacial Ice 

If the pebbles in the gravel ridges south of Dayton originated from 
localities north of Dayton, in some cases from localities even as far north 
as Canada, and if these ])ebbles were ti-ans])orte(l not only by the streams 
forming the gi'a\'el ridges, but also, (hu'ing their earlier stages of travel, 
by the verv slowlv moving glacial ice. tlien riot only the ridge-lniilding 
sti-eams, but also the transporting glacial ice sheet must lune moved south- 
ward. 

By far the largest ])art of the trans])oi-ting was done liy the moving 
ice sheet. The streams, at the southern margins of the ice sheet, h(^wever. 
probably did most of the work of rounding the rock fragments into peli- 
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Mes, and certainly did all nf the \\(irk of soi'tiii"- the ])el)l)le.s and sand 
into layers. 

■ UK Tlic Direction of Molioii of Ihc Glncidl Ice Xear D(i>/ton 
Iiidicdtcil 1)// (riacidi Stiia- 

The direction of motion of the t^'lacial ice tVe(|uently is indicated locally 
also l)y loni>\ straight sci'atches or sti'iic cut into the uppermost layers of 
the continuous sheets of rock. 

In formei- yeai's, when the numerous (|uan'ies in the vicinity of Dayton 
wei'e worked extensi\ elw lari;e sui'f'aces of j'ock often wei'c laid hai'e 1)\' the 
I'emoA'al of the oxei'lyini;' clay, i4'ra\ek and soil, ])i'ei)aratory to the \\e(lg- 
\]\g or l)lastin,L>' out of the underlying' rock. In these cases, the exposed 
surface of the to])most layer of limestone, directly lieneath the clay or soil, 
was found smootlied as though liy some enormous ))laninn' machine. Cross- 
ing the smoothed sini'aces of the I'ock were munei'ous scratches or striie. 
Some of these \\ere lar,ne enoun'h to l)e called ya'ooves, hut hy far the larfjer 
numl)ei' were <|uite narrow and of Acry slight de])th. Many of these finer 
striiT were not likely to attract attention exce])t when closely ohser\'ed hy a 
keen in\esti,o-ator. 

'Idle most strikini>' featvu'e ahoiit these stria' was their strai^'htness and 
their coni])arati\e unifoririity of direction. Not only in the same quarry, 
hut sometinies o\'er wide ai'cas. the ,n'eneral direction of these striae was 
(juite miiform. 

Fi'om this it is e\ident that all of these stri;c owed their existence to 
the same o'enei'al cause. The same a,ii'ency nuist have smoothed all of these 
I'ock surfaces. 

3Iany of these sti'ije could he followed locally across the entire area 
of ex])osui'e, sometimes foi' distances of more than 1(»() feet. On close ex- 
amination many of the sti'ijc were seen to ci'oss each other, hut the g'reat 
majoi'ity maintained alxmt the same n'cneral trend. 

In the area hetween Center\ille, '.» miles south of Dayton, and Troy, 18 
miles nortli of Dayton, tlie stri;c lune a southeasterly course. At the kiri>'e 
(juari-y a tliird of a mile northwest of the I'ailroad station east of Center- 
\'ille, tlie direction is S 47 det^rees K. See ])ai;'e H'.t. This ex])ression means 
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' .lacia] stria- running' 10 dcgrtt-s cast of sniuli r^c^lJs^ tin u[j]i(.r ^artat i .,t an i_xii'>stHr i.f Siiringdeli] limestone at 

the eastern margin of a qtiarry tliree-iitiarters of a mile west of Kings\ilU', altnig a sin.irt 

east ami west roa.t north of tin Eal^n ptke. 

tliat the direction followed by the .stvi;e (le\i:ites 47 de,<>'rees toward the east 
from a direct south line. At the abandoned limestone (juarries along the 
western edge of Beavertown, or Dean postotfice, tlie direction is S 27 de- 
o-rees V^. Half a mile south of the Soldiers' Home grounds, on the eastern 
side of the West CarroUton pike, the direction is S '-i.'y degrees E. At the 
road crossing one mile northwest of Kingsville, a mile north of the Katon 
pike, the direction is S 25 degrees K. Three cpiarters of a mile west of 
Kings\'ille, at the (piarrv visible north of the Eaton pike, the direction is 
S 10 degrees E. This (juarry, located north of a small east and west road, 
presents the best exposui'e of glacial stria' at present readily accessible in 
the vicinity of Dayton. ^\t the top of a small gully in the Miller woods, 
west of the L^nion road and north of the Eaton pike, the direction is S 1.5 
degrees E. 

A mile and a (juarter east of Taylorsburg, and a quarter of a mile 
west of Shoup's lime kiln, the dii-ection of the striie is S 27 degrees E. At 
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this locality the top of the Uayton limestone formerly was well exposed 
in a large open (juarry along the east and west road, a quarter of a mile 
west of the old Troy pike. The removal of very little soil would again 
result in a remarkal)ly tine exhihition of stri;e. At the to]) of the falls, in 
the woods half a mile southwest of Charleston, glacial stri;e vary between 
S 20 degrees E and S 'M) degrees E at different ])oints located within a 
short distance of each other. Along the edge of the bluff overlooking the 
]Miami rivei', two miles north of Ti|)])ecanoe city, stri;c running S 28 de- 
grees E \vere found, lint a single layei- of I'ock, northeast of the Crystal 
spring, at this locality, sliowed stri;¥ ruiuiing S 4.5 degrees E. This rock 
layer was 18 feet aliove the railroad level, and sufficiently far below the 
flatlands back of tiie bluff to show the influence of topography upon tlie 
direction of these stria\ It is <|uite e\ident that in this case the stri;v run 
parallel to tlie course of the neighboring channel of the Miami river. Or- 
dinai'ily. the topography does not a])pear to ha\'e any great influence u])on 
the direction of these striie. 

Directly east of \Vest Milton, se\'en and a half miles west of Tiupe- 
canoe citv, the direction of tlie stri;e is S 30 decrees E. Alony the road 
across the iiill, aliout a mile west of Simms station, the striie run 1.5 degrees 
east of sontji. 

ol. The Spreading of the Ice Tincard tlic Margin of 
tlw Miaiui Lobe 

All of tlie localities liere mentioned occui' along tlie eastern side of 
the Miami lobe of the glacial ice slieet. Along this eastern side the gen- 
eral dii'cction of motion of tlie ice e\'idently was al)ont 80 degrees east of 
south. Nearer the middle parts of the lobe, foi' instance, a few miles north- 
east of Hamilton and northeast of Oxfoi'd, the direction of the glacial 
sti'iic was more southei'ly, and along the western margin of the lobe, at Xew 
Pai'is, in Ohio, and also north and west of liichmond, in Indiana, their 
course was southwest. 

A study of all the sti'ia' found within the area covered by the Miami 
lo])e suggests that along the central axis of this lobe the general direction 
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of flow was southward, ami t'roiii tliis central axis the ice spread out toward 
the southeast and southwest, toward the lateral niari^ins of the lohe. 

Farther north, where the Miami lohe nier<4ed into the /^enei'al body 
of the continental ice sheet, the flow of the ice ai)i)eai's to l]a\e heen more 
from the northeast. Apparently that i)art of the ice whicli fartlier soutli 
hecame sufficiently separated from the ice fi'ont on the east and west to 
he distinouished as the Miami lohe, crossed the central pai't of Lake 
Huron, with the adjacent parts of the southern peninsula of Michii^an 
and Ontario, and flowed in a "general southwesterly direction as fai- as 
Celina, in Ohio, n-radually taking' a more southerly course farther south- 
ward. See diagram on page 8.3. 

This direction of flow would hrino- toward Davton the granites, aneis- 
ses, schists, and quartzites from the areas north of Lake Huron. Rocks 
from areas distinctly east and west of this axis of flow sliould he rare or 
absent. For instance, in the vicinity of Dayton tliei'e should be no ice 
trans])orted rocks from areas east of a line coimecting Xenia, Sjjringfleld. 
L^rbana, Bellefontaine, and Kenton, and rocks from areas east of Tifliu 
and Sandusky probably also should be rare if not entirely absent. For 
similar reasons, rocks from Indiana and the westei'n half oi' the southei'n 
peninsifla of ^Michigan should lie rare or absent. 

3;L Glacial iStri<r Prod need /*// Rach-s Puslicd AJoui^ 

hji the Ice 

The glacial stria? evidently were pi'oduced by some agency moving in 
a general direction from north to south. In the vicinity of Dayton, on 
account of its location on the eastern side of the ^liami lobe, the direction 
of the stria' diverges toward the southeast. In other areas similar diver- 
gences toward the east or west from a southward direction are known. 

The evidence of a general southward, rather than northward motion of 
the ice, in the vicinity of Dayton, sometimes is very interesting. Occasion- 
allv some fossil, or piece of chert or other hard siibstance in the rock will 
resist wear lietter than the surrounding softer limestone. In that case it 
mav give rise to a small elevation above the general sui-face of the lime- 
stone, toward the south of which the i-ock is more or less ])rotected from the 
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moving glacial ice, and hence less scratched for a sliort distance, while to- 
ward the north the glacial scratches may he \ery distinct. 

In a similar manner, hut on a mncli lai'ger scale, glacial scratcJies are 
likely to l)e less in eA'idence on rock slopes descending towai'd the south, 
tcTward some \'alley, than along I'oclv slopes rising toward tlie south, espe- 
cially if the amount of slo])e he considerahle. Kvidently the southward- 
facing slopes were moi'e sheltered. \\Jiile the nortln\ard facing slopes re- 
ceived the im])aet of the mo\ing ice moi-e directly. 

Resting upon the to]) of the smoothed and sti'iated rock surfaces fre- 
quenth' are found small rocks, or e\'en l)oul(lers. '\\liieh themseh'es are 
smootlied and striated. 'I'liis early suggested that the smoothing, and 
striating oi' seratching had lieei: done l)y some agency which I'uhhed these 
rock fragments or houldei's against tlie immediately underlying siu'face. 
Of course, this must have happened hefoi'e the masses of clay, sand, and 
grav'ek which \\n\y eo\'er most of tliese smoothed rock surfaces, wei'e present. 

At first this agency was su]jposed to consist of icel)ergs. which \vere 
cari'ied hy currents of water in a general southerly direction aci'oss a land 
svu-face at that time supposed to have heen covered with gi'eat hodies of 
water, the "(rreat Flood." It soon was I'ecognized, however, that such 
iceliei'gs would hecome stranded readilv on striking some shallov\' part of 
the sea hottoni. and cei'taiidy would not mo\'e up and down over the irreg- 
ular surfaces of tlie sea hottom with as little change in direction as is indi- 
cated hy the glacial stria', (ilaciers. however, are knovv'n to continue their 
courses with hut little change in dii'ectiou. i'S])ecially where of large size 
and where ci'ossing slo])es ol' modei'ate degi'ee compared with the thickness 
of the moving ice. Hence, the glacial origin of the stria- or scratches soon 
was admitted. 

.5'->. The C'oiiliiuiilal Clmrdclcr of the Glacier liedelihtff 
Son t her II Ohio 

The avei'age travelei' is familial' onl\' with glaciers confined to com- 
paratively nai'i'ow' ai'cas. terminating usually within a comparatively small 
numher of miles in some narrow valley. Such are the glaciei's of the Alps, 
famous for theii' ready aceessihility and ])ictui'es(iue surrc^undings. These 
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are the glaciers of niouutainous tenitoriLs, oi-iginating at Idl'ty altitudes 
and terininatino- at iiiueli lowei' lesels. Owing to tlieir mDiintainoiis origin 
they iiKne down steep sl(i])es and at e()ni|)arati\el\' I'apid rates, eonsider- 
ing the faet that glaciers arc cdinposcd ol" niatei'ial as rigid as ice. 




Diagrammatic representation of succes^ne fnisitions of the ice border during the melting liack of the continental 
glacier. The general direction of motion of the glacial ice is indicated b\- the dottcil lines and arrr^ws. Hy Frank 
Leverctt and Frank B. Taylor, 1910. 

Tlie conditions were very different with tlie continental glacier for- 
merly covering almo.st all of the northern half of Xortji America. It was 
of enormous proportions. The Ijahradorean, Keewatin, and Cordilleran 
ice .sheets combined covered a total area of J<, 000, ()()() square miles. From 
the central areas of dispei'sion, the Labradorean ice sheet extended 1,000 
miles southwestward, as far as tlie southern ])arts of Illinois, while the 
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Keewatiii ice sheet extended almost as far, 1,.5()0 miles, to the centi'al ]jarts 
of ^lissoui-i. The only area of siutw and ice at present in existence which 
can he compared with tlie continental ice sheet of former days is tlie Ant- 
arctic ])ohu- ice cap wliich also covers an area hetween thi'ce and fonr mil- 
lion s(|uare miles in extent. The next lart^est ice field still in existence is 
that which co\"ers all of (xreeidand, exce])tin<>' a nai'row strij) alony the 
southwestern horder. Its area has heen estimated at ;}2(),()1)() s(|iiare miles. 
The lai\n'est ylacier in Alaska, the Malaspina. co\-ei's an area 7** miles long, 
and hetween 21) and •_'.) miles wide, aliout as hu'oe as the state of Delaware. 
See map on paye TC'- 

K\'en the lohes alony- the maro'in of the continental ice sheet wei'e not 
confined along- narrow \'alleys. Tlie width of the Miami lohe. from Xenia 
on the east to C"onners\ille on the west, was (iO miles. The widtli of tlie 
Kast-W'hite ri\er lohe, hetween Camhridge City on the east and a jjoint 
heyond Indiana|)olis on the west, also a])])roximates (>l» miles. The Scioto 
lohe, on the contrary, hetween I7rl)ana and Xewark. attained a width of 
80 miles. Xnmei'ons other lol)es existed along the margin of the conti- 
nental ice sheet, hut tiiese here cited ai'e sufHcient to indicate the enormous 
size of e\en the terminal lohes. See map on j^age 11 4. 

.\nother gi'eat difference het\\een the continental ice sheet and the 
Alpine glaciers is the comparative Hatness of the territoi'v over which most 
of the continental glacier nio\ed. The center of dis|)ersi()n of the Kee- 
watin glacier is a low Hat country, and \'et from this center it mo\ed fi'om 
800 to 1,000 miles westwai'd, o\er what is now a westwardly I'ising plain, 
as far as the footliills of the Rockies. Although the center of dispersion of 
the Lahi-adorean ice sheet lies on the Laurentide highlands, on the ])enin- 
sula hetween Hudson hay and Lahrador, ne\ertheless o\er a large ])art of 
its coui'se, from the Ottawa river southwestward, it mo\ed o\er conipara- 
ti\ely fiat counti-y. South of the St. Lawrence hasin and the (rreat Lakes 
the ice sheet also \\'as ohliged to I'ise, in order to pass o\er the watersheds 
limiting this hasin southwards. In western ()hio. this water shed rises 
ahout (iOO feet aho\'e the ])i-esent level of Lake Erie, a shallow lake with an 
average depth of ahout 100 feet. Therefore the hasal pai'ts of the ice 



[84 1 



(;e()L()gy of davtox and vk ixit^^ 

slieet were obliged to rise at least 700 feet, soutli of Lake Krie, l)ef()]'e 
reaching' the lands sl(>i)in,<>' toward the Ohio ri\er. 

S.'i. The Tluclnicss i)f the Ice Shed aiul Ihc Slope of 
Its I ' j)j)er Surf (tee 

The outward How of the ice sheet from its centers of dis])ersion was 
determined much more hy the amount of slope of tlie u]Ji)er surface of tlie 
ice sheet than hy tlie slope of the miderlyin<>' land. There was a continual 
pressiu'e fi'om the areas in which tlie surface of tiie ice sheet attained the 
higher levels toward the areas where these surface levels were lower. In 
general, it may be assumed that the ice slieet was thickest wliere its surface 
attained the greatest elevation, but the point to be eni])liasized is that the 
flow of the ice was not so much from the ])oint where it was thickest to the 
point where it was thinnest, as it was from the ])oint of higher elevation 
toward the point of lower elevation. A thinner mass of ice at a higher 
eleA^ation might force along a thicker mass of ice at a lower ele\ation, and 
in the la.st analysis the elevation of most im])ortance is that along the u])per 
surface of the ice, and not that along its liasal ])ortion. 

On this account it \\()uld be interesting to know soniething about the 
former slope of the surface of the continental ice sheet. Howe\er, little is 
known. The greatest slope of the surface of tlie ice sheet probably was 
near its margin, where it was more or less ra])i(lly melting away. At the 
edge of the ice sheet, near Baralioo, ^^"isconsin, where the ice mo\'ed along 
the side of a bold ridge, the average slojie for the last one and three-fourths 
miles was 820 feet per mile, or a total of .5()() feet in the entire distance. 
Several miles from the e<lge of the ice sheet, in certain ])arts of New Jersey 
and the adjacent parts of Xew ^'ork, the rate of slo])e of the up])er surface 
of the ice was about 30 feet ])cr mile. From these data, a thickness of 1,000 
feet at a distance of 10 miles back from the ice fi'ont might be considered a 
moderate estimate. Fai'thei' back from the ice margin the slope of the 
upper surface of the ice sheet ])robalily was less than 30 feet ])er mile, but 
even at the rate of 10 feet per mile the tliickiiess of the ice sheet at its center 
of dispersion may have exceeded two and a half miles. Kven if this num- 
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])cr sliould prove excessive, tliei'e is no (loul)t aliout the great thickness of 
the former continental ice sheet northwaixh 

o^. Hate of Motimi of (rhicial Ice 

Tile most rapid rate of motion ol)ser\e(l by Tvn(hill alon<>' the middle 
of one of the largest valley j^laciers in the Ali)s, known as tlie ]Mer de 
(ilace, was ahont thi'ee feet ])er day. The ^Inir glacier, in Alaska, has a 
rate of motion ni' ahont se\en feet ])er day. Eotii of tliese <>-laciers lun'e 
stee]^ tlescents. \\'liei'e some of the o-laeiei's of (xreenland crowd into a nar- 
row valley A\ith a steep descent tlie rate of motion durint;' summer time 
may exceed e\en .50 feet ])er day. On compai'ati\ely Hat surfaces. dui'intJ' 
winter time, the rate of motion may he much slower. The a\erage rate of 
motion of the inland ice of (ii-eeiihuuh durin<j,' winter time and away from 
tlie areas of steej) descent, is stated to he ])r()l)ah]y less than a foot per week. 

It is ])rohahle that the rate of motion of the ice forming' the continental 
ice sheet, (hiring winter and away fi'(}m the ice front. A\'as com])arahle \\'itli 
this smallest iiumher. Af tlie mart;'in. where the slo])e of the u|)pei' surface 
(if the Ice slR'ct was n'l-eatest, tln' rate (if iiKitlon may lune e(|ualled one foot 
])er day. (ir (.•\ en more, locally. 

o'li. Cause (if Motion (if Glacial Ice 

Glacial ice does not mo\'c like a Huid. not ex'eii like a \iscons fluid. 
^^dlell tai'. under the iidluence of the heat (if the sun. crecjis down an in- 
clined suiTace, it ddcs Udt push any l()(is(_' rock ahead of it. hut Hows (ner 
the rock and en\ clops it. La\a, in the same manner, does not |)ush ohjeets 
in front of it forward, lint lldws (i\ei' IIk'HI. (rlacial ice, on the contrary, is 
riyid, and is ])ush(_(l I'oi-ward Imdily. 'V\)c I'oek emhedded within tlie ^'lacial 
ice is field rigidly and may he pushed forward like an en,i;'ra\ini>' tool. The 
rii;idit\' ol' ice is shown liy tin' readiness witli wliu'li it breaks oi- sejtarates 
at cre\'asses. where it chaiiu'es ils dirt'ction of Mow or (lr()])s do\',n to some 
lo\\er le\-el alontf its |)ath. 

\\'^]iile a downward slo])e (if the land surCace oxer which a n'laeier nunes 
undoiibledK' accek'rates its I'ate of motion, it is e\ ideiit. iR'\ertheless. that 
this (low nward slo|)e is not llie sole factor determimiiL;' the direction of How 
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of the ice. It has been noted already that the Keewatin ice sheet moved 
from a low-lying- territorj% along Hudson bay, westward for a distance 
of 800 to 1,000 miles along rising land toward the foot hills of the nortliern 
Rockies. In the same manner tlie Ijabradorean ice slieet moved fiom the 
valley of the St. Ijawrence toward higher territory on ap])roaching or 
crossing the present waterslieds, sonthward. On the western slope of the 
AUeghanies, in northwestern Pennsylvania, the southern margin of the 
Labradorean ice sheet attained altitndes of nearly 2,000 feet above sea 
level, rising fully 1,400 feet above the ]>resent level of Lake Erie. 

From this it may be seen that the ice moved as though tin-ust forward 
by some enormous force. This must luive been a force acting not only in 
sunmier, but also in winter, altliougli in winter the rate of motion of glacial 
ice is nnich retarded. 

As already indicated on one of the ])receding pages, this force proliably 
was due to the difFerence in pressm-e produced by differences in level of tlie 
upper surface of enormous tliicknesses of ice. This corresponded to tlie dif- 
ference in pressure causing a flo\\' in water from a point of liigher IcacI 
toward a point of lower elevation. 

In order to account for the forward flow of such a rigid material as ice 
an ingenious theory has l)een invented wliicli will a])peal more readily to the 
student of physics than to the general ix-ader. According to this theory tlie 
snow flakes, from which all glaciers start, sooner or later, under the influ- 
ences of the sun, turn into granules of ice, somewhat like the granules of 
ice forming the crust on snow in winter time in our own climate. The ac- 
cimiulations of many snow falls interrupted by many days of sunshine re- 
sult in the heaping up of enormous <|uantities of these ice granules, which, 
owing to their combined weight, tend to produce great pressure u])on the 
bottom layers and to force them away. The looser ice granules actually 
may be pushed onward, to points of less pressure, wliich usually means 
down a valley, but those ice granules which adhered more flrnfly to their 
neighbors coifld be moved only by giving way at their points of contact. 
As is well known to students of physics, ice under pressure tends to melt, 
and if the melted water mo\'es merely into some neighboring crevice, with- 
out l)eing raised Iti temperatiu'e, it instantly freezes again. This is owing 
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to the fact that pressure lowers the meltiri<>' ])oiiit of ice, and release of 
})ressure permits refreezing. 

l/iuler these coiulitioiis, the ]H'essure of the overlyin<^' weiglit of ice 
iiramiles continually melts parts of the g-ranules of ice at their points of 
contact, permittini:i' an onwai'd motion, the resultin<^' water freezing' in the 
intermediate spaces l)etween the oranules and adding to the rate of on- 
ward motion of tiie ice granules l)y the thrust jjroduced by the expansion 
of the freezing water. The force of expanding ice during the freezing of 
water frequently is illusti'ated by the l)reaking' of pitchers in winter. 

I'arther down the slope, where the ice granules have become more or 
less intergrown, the expanding force of freezing water, released by ])res- 
sure at one point and expanding within a neighboring crevice, may be the 
chief factor in keeping u]) a continual thrust within the ice. Since this melt- 
ing of the ice gramiles is due cliietly to ])ressure, at least when far below 
the surface of the glacier, it may take place not oidy in summer, but also 
in winter. This aceoimts in part for the streams of water which issue from 
beneath glaciers in great \olume e^en dm'ing the coldest days of wintei'. 

According to this theory, continual melting at one ])oint of contact be- 
tween ice granules and refreezing in a crevice at another point only a 
minute distance away may take place at great distances from the center of 
dispersion of a glacial ice sheet. Indeed, it has l)een suggested that the 
points of iiuuvitniDii thrust may l)e a consideralile distance away from any 
one of these coders of dispersion. 

While the force of expansion of the freezing water within any one of 
the minute crevices in the ice may not seem great, the accumulatiAe effect 
of freezing Avater in countless numl)crs of these minute crevices over im- 
mense areas miglit be enormous; in fact, might l)e sufficient to account for 
tJie motion of glacial ice. Tliis motion might be much accelerated liy the 
])i'esence of .steej) sloi)es, wai'U) temperatures, an abundance of water, and 
of other factors, but the ])rime cause of motion would still be the melting 
of ice and the freezing of water where subjected to ])ressure and then re- 
leased from the latter. Such a thrust due to freezing water might even 
i'oi'ce the margin of an ice sheet up to highei' cle\ations, in opposition to the 
laws of gravity. 
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CHAPTER VI 

THE DEPOSITS LEFT BY THE (;LACTAL ICE SHEET 

S7. The Graviiig Tools of Glaciers 

The rocks embedded in tlie bottom layers of the ice coidd serve as 
graving- tools only if held rigidly l)y the moving ice. It is known that ice 
free of rock has very little effect in moving over a smcjoth surface. ]More- 
over, wet or warm ice does not hold rock firmly, but tends to permit it to 
rotate readily where in contact with the underlying sui-face. Rock is held 
rigidly onh^ where the surrounding ice is cold and dry. Hence the scoring 
or smoothing action of moving ice should be greater during winter and at 
some distance back from the melting ice front. 

The bottom of the ice sheet is debris laden. It is liable to contain frag- 
ments of all the rock over which it has ])assed. By the slip])ing of rear 
lavers of ice over those in front, in crossing some valley or descending 
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some hill, the lower parts of an ice slieet usually become rock laden for 
some considerable distance above its base. 

It is a curious anomaly that the lower parts of a glacier may become 
so filled witli rock that it no longer ser\'es well as a graver of the underly- 
ing rock surface. Owing to tlie great quantity of rock fragments in the 




:i;il hinilders uf Canadian granitic 



ice, tlie relatixe quantity of the encldsing ice may lie reduced to sucli an ex- 
tent that it no longer serves as a good f)inding material, and therefore fails 
to hold the enclosed rock rigidly. The ])rinci|)le is about the same as using 
too much sand and gravel and too little cement in mixing up concrete. 
Hence the bottom of an ice sheet enclosing too great an amount of del)ris 
may do very little scoring of tlie underlying rock surface. This ])rof)ably 
accounts for the fact that glacial scratches are not more conmionly found 
on rociv sui'faces on remo\'ing the o\eriying (lel)ris. Sometimes glacial 
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scratches are absent over wide areas where tlie character of the rock surface 
is favorable to their vetentioii. 

It is probable that in some cases tlie rock-huh-n bottom of the ice sheet 
was so loosely held that it was thrust forward Imt \ery little by the over- 
lying ice sheet, the latter over-rid ing its debris-laden l)ase, and, at times, 
passing even over sand and gra\el deiJosits without greatly disturbing 
their stratification. 

SS. Boulder CJaij or Till Pnuhtccd h// the Grindin- Action 
of tlic Moviui!; Ice Slieet 

In the process of smoothing the underlying sin'i'aces of the rock, the 
glaciers reduced much of the ground-off matei'ial to powder. This powder, 
together with the great quantity of angular rock fragments still remain- 
ing, was continually carried southward, enclosed in the ice, by the forward 
motion of the glacier. This powder forms the clay, blue or brown in color, 
which locally rests upon the u])per surface of the smoothed-oft' rock. AVhen 
moist, this clay locally becomes \ery stick}'. It is ditKcult to (hg through it 
^\\\\\ a pick. The pick penetrates only a shoi't distance and then is lial)le 
to stick so that it can not be ])ulled out readily. Hence the clay often is 
known as hard-pan, es])ecially among well diggers. The scientific name for 
the entire mixture of clay and l)roken I'ock is till. Till, in fact, is the ])roper 
name for any I'Ock debris left behind liy a melting glaciei'. Since this till 
usually contains numeroirs rock fragments, it is known also as l)oul(ler 
clay. When boulder clay becomes dry under the influence of sunlight, it 
frequently becomes very hard. 

Boidder clay may be recognized, when in large masses, by the entire 
absence of arrangement in layers. The rocks occur irregularly distributed 
tlu'oughout the mass of clay. Large fragments are intermingled with small 
ones, and l)oth are more or less angular in form. This angularity of the 
fragments and absence of ai'rangement in layers is due to the fact that the 
l)oul(lei' clay was not deposited by water, b\it was trans])orted by ice. 

Originally, the bottom ])art of this till must liaxe been more oi- less in 
contact with the underlying rock, at least along part of its course. The 
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larii'ev part of the till howevev, must have l)een nioi'e or less embedded in 
the lower part of the ice sheet, ^^"hen the ice melted, the till dropped. 
Such enormous quantities of till \\'ere included in some parts of the ice that 
the till left behind formed a thick deposit or covering over the underlying 
rock. 

The rocks within the till are the im])lements with which the moving 
glaciers ground the underlying rock surface. Frequently these rocks in- 
dicate their former use as grinding tools by being moi'e or less smoothed 
and striated themselves. Frequently they present flattened surfaces indi- 
cating that the rock fragments had l)een held more or less rigidly for some 
time while beiriff draa'ffed liv the ice o\'ei' the vmderlvini'' i-ock. E\'en those 
fragments which occvu' far aliove the base of the till deposit often show 
strong striation and iiattening, showing that they once were included in 
the basal parts of the ice sheet, but were forced u]jward, probably by the 
sliding of different parts of the basal layers over eacli other, those from the 
rear sliding over those farther toward the fi'ont, locally. In this manner 
the till gradually worked its way farther u]) into the lower parts of the ice 
sheet, which evidently in some areas must have been heavily charged with 
till foi' a considerable distance above the base. 

In a similai' manner, the ice sheet, near its margin, often was pushed 
over sand and gravel layers, leaving till deposits far above the striated rock 
surfaces l)eneath, and separated from the lattei- by considerable thickness 
of water-transported matei'ials. In fact, near the margins of the ice sheet, 
the till and sand oi' gi'avel may be more or less interl)edded. 

■iO. Till Deposits i)i the Vieinitji of Dai/ton 
Numerous till deposits occui- in the \icinity of Dayton and some of 
these are of considei-able thickness. They may l)c recognized by the abun- 
dance of clay, often very hard where exposed to the sun, usually enclos- 
ing angnflar fragments of rocks, irregidarly distributed throughout the 
clay mass. 

One of the best known de]X)sits of till is that at the Pinnacles, about a 
mile northwest of Alexandei'sville, on the north side of the great bend in 
the Miami river. Here a vertical height of 80 feet of till is ex])osed. For- 
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The Pinnacles, four miles sniuliwest (it l)a\tMn, west nt the ^liami ri\er, seen troni the west. An ennrnieus till 
deposit, formerly washed at its hase li\' the Miann river, hut protected for many years by the emh.inkment followed 
b>' the C. H. and D. raihoad. The iui|ioniied waters back of the emliankinent are shown on the right. The exposed 
surface of till has been strongK- gullied .and ridged. In the immediate foreground oire of the ridges ends in a tall 
wedge-shaped mass. A short distance farther back another ridge ends in a sharply pointed pinnacle, r'hotographed 
in 1895. 



nierlv this till \va.s deeply gullied by the \va.sh of rains, and the intermediate 
parts were left as .sharj) ridges. Thirty years ago, the terminal parts of 
.several of the.se ridges rose into acute ])eaks, which could he ascended oidy 
hv straddling the sharp ridges at ])oints farther hack, and tlien gradually 
working forwai'd toward the peak. At that time the name Pinnacles was 
a very appropriate term for this great till exposure. It was a favorite 
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picnic resoi't. and an abundance of wild flowers could be secured in the low- 
land surrounding the pond, and in the nai'row valleys among the surround- 
ing hills. This is the only locality near Dayton where the yellow blossoms 
of the Avitchhazel may be found in October, after the leaves begin to fall. 
It forms a large sized shrub oi' small ti'ee. and its habit of beginning to 
blossom in the very late fall may be of \'ei-v recent origin, as geologists 
reck(.m time, since the structure of the Hower bud is that of a sprirjg blos- 
soming plant. 

Xorthuard from the Pinnacles, the till may be traced toward the Sol- 
diers' home. It underlies most of Dayton View. Since it is (|uite impervi- 
ous to -iA'atei'. cellars tilled with \\atei' aftei' a hea\'y rain remain dam]) for a 
\'erv long time, as many an inhabitant of this subui'l), wliosc home is not 
connected with the city sewers. \\\\\ admit. 'I'ill fi'e(|uently is exposed hei'e 
in digging foundations for luiihlings. Till foriris most of the bill land west 
of Forest a\cnue, and it was strui'k within (i feet oi' the I'oad le\'el in dig- 
ging a se\\er at the southern end of this a\enue. 

In digging the ]>its for the abutments of the ^lain Street bridge, this 
till foi-med tile considei'able thickness of "har(l-])an" which the workmen 
found so (lifHcult to remoA'e. 

South of the Pinnacles, till may be traced to GermantoM'U. One mile 
east of (rcrmaiitown, south of the gi'eat bend in the traction line, where 
Twin creek assumes a southerly course, the till de])osits ha\e a thickness of 
at least T*' feet, do\^■n to the le\el of the creek. These deposits ha^'e become 
(|uite famous since tlie\' include at the base a thin layer of peaty soil con- 
taining cedar l)eri'ies. fi-agments of wood from some e\'ergreen or conifer- 
ous tree, mosses, grasses and sedges, which must ha\e lived before the ad- 
\'ent of that pai't of the ice slieet which left the overlying till. These ])lant 
remains e\'idently ai'e a remnant of a flora li\ing thousands of yeai's ago. 
In a similar deposit laar \\'ilmingtoii. ( )hio. Doctor George 31. ^Vustin 
found the hard parts of lieetles. In fact, sullicieiit ])lant and animal re- 
mains ha\'e been found in the glacial deposits in dift'erent ])arts of the 
woi'ld to gi\e lis some clue as to former climatic conditions. These were, of 
course, colder than those existing at the present day. 
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Till deposit at the beml of Hole's creek, imrlh of the i-ridge mi tlie Belllimi.k mai 
\'ille. This till i.lcposit i.^eciirs west of the snulhirii end oi the \\ .'ilden gr;i\-el rii 
across Hole's creek with the great till <le]ii)sils ciAcring the InM fr.iiits nn iln- >oul!i 
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Another great till de])o.sit is lofutt-d alnnu- Hole's ci-uck, about 2 miles 
east of Alexandersville. It may be readied by foUowiiii;' the western out- 
lines of the hills southward for a distance of about a mile from the Delco 
Dell. Here the northern margin of the creek is cutting at the base of a 
steep wash of the hill slope. ^\_lmost the entire exposed face of the hill con- 
sists of till. At a considerable distance above the creek, this till is oveidaid 
by a continuation of those sands and gravels which, farther north, form the 
o-ravel ridges of Delco Dell and the ^loraine farm. 

It is probable that till underlies the entire gravel ridge area north of 
the ]Moraine farm as far as the bluff's at the Calvary cemetery and the 
hills east of Carrmonte. 

At the gravel pit worked by the \\^aslied Gravel and Sand Com])any. 
along the northwestern margin of the Calvary cemetery, till is exposed 
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between 22 and 2.5 feet above tbe le\'el of tbe canal, and appears to be 
abundant up to a level of -K) feet aliove tbe canal. It probably extends 
fav below tliis level, but tliere is no exposure at present at any lower level 
in tbis vicinity. 

Till, bowever, is not confined tn any particnlai- le\'el. Since tbe glacial 
ice nio\'ed botb up and down bill, tbere is a possibility of till occiu'ring 
wliere\er tlie ice lias been. Since tbe ice sbeet in tbe vicinity of Dayton 
moved in a direction about S .'iO degrees E, it is e\itient tliat, after crossing' 
tbe ^lianii valley in tbe soutbwestern part of l)ayt((n, it would pusb up 
against tlie bills on tbe soutlieastern side of tbis \alley. In early geological 
times, before tbe gra\cl I'idges in tlie ai'ea between C'arrinonte, Hills and 
Dales, ^loraine farm and Delco Dell iiad been fi)rmed, tbe eastern side of 
tbe INIiaiiii valley was formed not by tbe liigii land now stretcbing soutb- 
ward from Cahary cemetery to tbe Crrand View farm, soutb of tbe Stroop 
farm and west of Delco Dell, l)ut liy tbe bigli territory extending nortb 
and soutb along tbe Lebanon pike, more tlian a mile east of tbe Delco Dell. 
Along tbis eastern margin of tbe ancient Miami valley, tlie advancing ice 
sbeet plastered tbe liill slope witli till, a ])art of tins till rising considerably 
aboAc tbe level of tbe till in tbe gravel pit nortbwest of tbe Cah'ary ceme- 
tery. 

Xotbing but till was struck in digging the cellar and boring tbe first 
MtW at the residence of Doctor Scbeiben/ubei", south of tbe Frederick farm, 
half a mile north of tbe Stroop road, on tbe western side of the Lelxinon 
pike. Tbe first well bei-e was liored to a (le])tli of 180 feet without striking 
anvtbing Init till. Xotbing but till was struck in digging a trench south- 
ward from tbe residence toward the small stream at the foot of the hill 
slope. ^Vestward, however, the overlying gra\els come in. The structure, 
here, is that of a till slieet rising toward the ancient hill surface eastward. 
co\'ered bv a great mass of gravel and sand, thick westward, l.nit thinning 
out eastward, on approaching this same bill surface. The top of tbe till at 
tbe Scheibenzuber residence attains an elevation of 1, ()()() feet abo\ e sea 
level, while at tbe gi-a\el pit noi-tbwest of the Calvary cemetery tbe toj) of 
the main mass of till is only ai)out 7H() feet above sea level, but even tbe 
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latter is far above the vock floor uiulerlyiny' the sands and oravels now fill- 
ing- the river valley. 

Till underlies most of the hill suri'aee east of the Ivehanon i)ike, as far 
north as Beavertown and thenee to\\ard Hutl'jnan hill. 

At the ((uarries northeast of Hea\ert()wn, now abandoned, tiie i'ollow- 
ing observations were made by Frank Leverett, about 1.3 years ago. 

"A good exposure of the struetnre of nearly ])lane-surfaeed u]_)land 
drift appears at tlie Bea\ertown cjuarries 8 to 4> miles southeast of Dayton. 
There is being removed here about •_'() feet (if di'ift, eonsisting of an almost 
eontiiuious capping of yellow till .5 to 10 feet in thickness, boieath which 
are deposits of poorly assorted gravel and sand horizontally bedded. In 
places these gravelly deposits reach to the (underlying Dayton) limestone, 
but fully as often a thin bed of till intervenes. The surface of this lower 
till is une\en, and the gravel rests unconformably upon it. Tiie lower 
beds of gra^'el being horizontal, are shut oft' where the till rises above their 
level. This break l)etween the lower till and the overlying de])osits may 
indicate a lapse of consideral)le time l)etween their deposition, though it is 
not known but that the erosion of the surface of the lower till was rai)idly 
accomplished by the same streams \\hich deposited the oNci'lying gi'a^'el 
and sand." 

Thirty yeai's ago I \\'as much interested in digging out of this lower 
till deposit fragments of woml, often two inches in diameter and 12 to 1.5 
inches long. The wood came out of the till in good condition, but, on 
drying, it cracked considerably, es]jecially lengthwise, and se])arated also 
into layers, parallel to the rings of growth. This wood evidently consisted 
of remnants of some coniferous or evergreen tree. At that time we were 
in the habit of calling them cedar, but no microscopical examination of 
the wood ever was made, and hence their exact identity can not be consid- 
ered as established. They may have been fragments of tamarac or of some 
other coniferous tree. Possil)ly they were obtained from trees growing not 
far north of Dayton, since during the ice age many ])lants must have ex- 
isted at Dayton which under present conditions would not be expected 
south of Ontario. 
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Another instance of till plastered against a hill front on the eastern 
side of tlie ]Mianii \'alley is shown in the northeastern ])art of Ohnier Park. 
Here a small eonntry sehooUionse has heen located for many yeai's ahout 
two scjnares east of the coi'iiei' of AVyomino- and Arho)' streets. Se\'eral 
S(|nares north nf this scliodl, near the westei'ii proloiii^ation of ^\lice street, 
and w itliin easy I'each from the Wyominj^' street car line, a gravel pit, 3.5 
feet dee]), is located. It is on the western side of a narrow \'alley. This 
valley formerly \\as ascended hy the mnle I'ailroad, extending from central 
Dayton sontheastwai'd to the now long ahandoned Dayton limestone ipiar- 
I'ies along the Smitluille road. The right of way i'oi' this railroad ])assed 
north of the schoolhonse already mentioned, and still may he ti'aced hack 
towai'd Dayton as far westward as the iK)rthward ])rolongation of Carlisle 
street, ahont half way l)etween Tacoma and Wyoming streets. 

The gravel pit, sonth of the schoolhonse, is nm hy Paid Nill and C. H. 
Delaplane. Its hase rests npon the top of a great sheet of till. ^Vt this 
locality the till consists of hhie clay, almost free from rock. It e\idently 
was deposited nnder peenliai- conditions, since the clay tends to crack hori- 
zontally, as thongli deposited nnder the inflnence of water action. Sonth- 
east of the gravel pit, np a narrow gnlly, the l)lne clay rises to higher levels 
than at the bottom of the gravel pit, as though plastered against the hill- 
side southeastward. 

Till pro})al)ly underlies a great ])art of the territoi'y in the vicinity of 
Dayton, e\en whei-e it is not ex])osed. In the teri-itoi-y covered bv the 
graAcl ridges, south of Dayton, its ])i-esence is concealed by the covering 
of sand and gra\el. 

■ !!hl. The ]VcU at Dclcn Dell 

In 11)13 a well was drilled by Ira W. Barnes on the side of the hill at 
Delco Dell. 

beginning at the surface of the eai'th the well i)assed in succession 
tlu'ough tu'o feet of loam. 10 ft'ct of clay, 1.) i'eet of gra\el, .50 feet of tine 
sand, '.»() I'eet of hard-])an, •_' feet of gi'a\el, 1.5 feet of clay, some kind of 
lilne rock 2 feet in thickness, 14 feet of dark blue clay, and finally 37 feet 
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of clay which was a real (hirk |)iii-|)lf, w itii some sliale, toward the top and 
which chani^ed to a li^ht ])ea n'reeii helow. The total (le|)th of the well 
was 237 feet. 

The expression hard-])an, used hy the well driller, almost in\'arial)ly 
means till. Aecordin^^' to this ohser\ation 77 I'eet of soil, o'ra\'el, and sand 
here cnerlie a i^'reat thickness of till deposits. The fra<>'nients of rock sliowii 
me from the 184-foot le\el consisted of <>laciated ))el)l)les from a till de- 
posit. The till deposit e\'idently was continuous from the 77-fo()t kwel 
do\\'n to the "iOO-foot le\'el helow the lo]) of the well. This ij'i\'es an estimate 
of at least Vlli feet for the thickness of the till ])enetrated by the well. Jt 
is not worth \vhile attem])tin<4- to determine the charactei' of the light pea 
yreen clay material, \\ithout seeiuiJ" a sam])le. It may still belong' to the 
till section. If it formed part of the basal Richmond or u])])er ]\laysville 
section of rocks there should have l)een evidence of the presence of some 
limestone, thouoh (ndy in comparati\'ely thin courses. The a])])ai'ent ab- 
sence of such limestone fragments suggests that at the bottom of the well 
the boring was still in the till, the miderlving rock not having been reached. 

It is quite evident that it is useless to search in this immediate area for 
water below any level which is on a hoi-i/.ontal line with this level of 77 
feet below the top of the Barnes well at Delco Dell. Till is ne\er a water 
carrier, although immediately abo\ e the till watei- may be expected in 
abiuidance locally. 

Eastward, toward the Doctor Scheibenzuber farm, the level of the top 
of the till evidently rises, although ])robably in a very irregular manner. 
Westward the top may descend to still lower levels. 

4<J. J'lic Maicritil Carried Fancard ]Vithi)i the Ice Slicct 
Farms the Ground Jloraiiie 

The materia] cari'ied forward by a glacier and left behind after the 
melting of the ice forms the moraine. In mountainous areas a large ])art 
of this material mav consist of rock dislodged from the ovei-hanging cllft's 
and mav be carried on to]) of the ice. Tyndall descrilies in a very interest- 
ing mannei' the continual rain of rocks falling from the mountain heights 
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on the upper surface of a glacier whose I'ate of How he desired to measure. 
So numerous were the fragments that the sui'xeyor at times found (Hfticulty 
in keepin<4' his instrument in position ioni^' enough to accomjjhsh his work. 

In tile case of continental ice slieets \erv little rock could lia\e been 
carried on the surface, and that only within com|jaiati\ely short distances 
from the clift's from which they fell. Sooner or latei' these fragments of 
rock drop from the sui'face into the crevices which o|)en where the ice 
changes its direction ol' How or di'ops to some lower le\el or passes o\er an 
obstruction. At sc^me point fai'ther on, the ])ressure of the ice shoxing fi'om 
behind may close the ci'evices again, and then any rock which has fallen 
into a crevice not extending do\\ii to the bottom of the ice sheet becomes 
ciiiilacial, or is embedded in the ice. 

Evidently most rock carried along by a continental ice sheet must be 
embedded within its basal parts, ha\ing been ])ieked u\) by ice from the 
tnidcrl//ing rock over \\'hich the ice sheet passes. Owing to the sliding of tlie 
basal layers of the ice sheet o\er each other the lower ])art of the sheet be- 
comes charged with rock for a considerable distance above its base. Some- 
times this rock is so abundant, es])ecially near the end and at the sides of a 
glacier, that it is difficult to detei'mine \\liei'e to draw the line I)etween the 
bottom of the glacier and the underlying dejxisit of more or less loose rock 
fragments. 

That part of the moraine wliich was carried along chieHy embedded 
within the lower part of the ice sheet, and which was left behind by the 
melting of the ice sheet, forms the ground moraine. At any consi(leral)le 
distance back from the ice front this ground moraine consists chiefly of 
broken rock and clay — the mixture called till. Nearer the margin of the 
ice sheet, the melting waters might gi\e rise to streams running along 
channels underneath the ice, and these might wash away the clay and rovmd 
the rock fragments into gravel and sand. 

The melting of the ice sheet at its margin not only releases the rock 
embedded ^\'ithin its lower parts, hut also allows the euglaeial rock, far 
above its base, to drop, and tliis rests upon the ground moraine or is em- 
bedded within its upper part. Since this englacial rock has suffered little 
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wear since falling on the ice, it is likely to consist in ])art of large and only 
moderately rounded ])oulders. 

Jil. The Shijliiii^ of the Front of the Ice Sheet 

A continental ylacier niovino- southward sooner or later must reach a 
climate sufficiently warm to cause the ice to melt. Meltin<^-, of course, tends 
to decrease the distance to which the ice may S])read fi'om the center of 
dispersion. 

If the rate at which tlie ice melts hack at its front maro'in exactly 
equals the rate at which the ice itself moves forward, tlie front of the ice 
sheet appears stationary. If melting takes ])lace at a more rapid rate, the 
front of the ice sheet appears to retreat. If less ra])idly, the front of the 
ice sheet a(h'ances. Kvidently, undei' all three conditions, whether the 
front of the ice ap])ears to he stationary, retreating, or advancing, the ice 
itself actually is mo\'ing forward. 

^VU three conditions may exist during the same year, hut at different 
seasons. In summer, the front may he retreating. In winter, it may be 
a(l\'ancing, and dui'ing parts of spring and fall it may he stationary. IIow- 
evei', it is chiefly the accumulated effects of all the changes during a series 
of years which ])rove interesting. A pi'ei)onderance of forward motions 
during a numher of years might result in the ice front moving forward a 
distance of sexeral miles; or a corresponding series of a])parent backward 
motions might result in a consideral)le retreat of the ice front. 

Changes of this kind suggest a change of climatic conditions, such as 
often are discussed by the weatherwise. In reality, Iiowever, sujinosed 
climatic changes usually tend to balance each othei-. A series of warmer 
N'cars usually is followed l)V a corresponding series of coldei" years, the gen- 
eral average foi' a long })ei-iod of years i-emaining the same, so that it is 
not safe to assume that any more pei'manent change of weather conditions 
has taken |)iacc unless the records co\ei' many years. Similar changes of 
climate, but on a largci' scale, un(|ucstioiiably took ])lacc during the long 
lapse of time co\ei-ed i)y the so-called glacial period. 
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42. The Tenniiuil I\[<>r(iiiic 

The ice sheet, of course, could not curry the rock eniheckled within it 
farther forward than the ice itself nio\'e(l. This is so ohxious that it requires 
no further comment. But what l)ecanie of the emheddcd rock and clay? 
Naturally, it would remain at the most southern ])oint to which it had heeii 
carried hefore the ice melted, unless mo\'ed still farther onward hy some 
stream or other agency. 

It is evident that if the ice sheet, in moving southward, for a period of 
many years readied approximately the same point hefore its advance was 
halted by melting. — in other words, if the ice front remained approxi- 
mately stationary, — a great quantity of rock and clay would accumulate 
along its margin. This accumulation would include not oidy the till em- 
l)edded within the lower part of the glacial ice, but also any englacial or 
superglacial rock carried along In' the middle or upper parts of the ice 
sheet. Such an accumulation of till and englacial rock along tlie front 
margin of a glacier is known as a terminal moraine. 

Terminal moraines at the bottom of glaciers occupying narrow valleys 
sometimes are so distinctly defined that tliey a])pear almost like transverse 
ridges halting the further advance of the ice. Such distinctly defined ter- 
minal moraines are exceptional and prol)ably mark accumulations of no 
great number of years at the l)ase of glaciers charged to an unusual degree 
with rock fragments and rock powder or clay. 

The terminal moraines of the ancient continental glacial ice sheets rarely 
are so distinctly defined. Frequently they spread over a width of two miles 
and rise only from 40 to 80 feet above the general surface of the land. 
Such a low and broad elevation, especially where the upper surface is ir- 
regular, can not be recognized l)y the average observei- as a ridge, and 
hence must be identified by the student who recognizes the moi'ainal char- 
acter of the deposit by means of the material of which it is com])osed and 
by carefully mapping its distribution \vith refei-ence to other deposits. 

It is evident that, compared with the moraines of yVl])ine valleys, the 
terminal moraines of continental glaciers must represent much slower rates 
of accumulation of rock and clay, due to the much slower rates of motion of 
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the glacial ice over imich flatter territories. During' the mucli longer pe- 
riods of accumulation the ice t'l-ont prohahly shifted forward and backward 
repeatedly, frequently over-riding earlier accumulations and smoothing out 
steep slopes by addition or removal of material, so tliat the average topog- 
raphy of tile terminal moraine of a continental glacier is not sharjjly de- 
fined. 

-'/■-:. The Mchiuf^ of the Ice Sheet 

The melting of the ice sheet, of coui'se, \\as not confined to the margin 
of the ice sheet, (ilacial climate probably was only moderately colder than 
our present climate. It has been estimated that a lowering of the avei'aa'e 
annual temperature less than ten degrees woidd be sufficient to account for 
tile formei' widespread glacial conditions. Apparently the colder climatic 
zones of the eartli had shifted soutliward. toward the equatoi-, but there is 
no evidence of excessive low tem])eratures. Dm'ing tjie warm season of tlie 
year the ice must ba\e lieen melting evei'ywhere, even at its centers of dis- 
tribution, lender the influence of the sun, melting must ha\'e taken i)lace 
over wide areas also in \\inter. 

Attention has been called already to tlie streams issuing from beneatli 
tlie margins of glaciers even during the coldest days of winter. Evidently 
the lower ])arts of tlie ice sheet melt continually, owing to the pressure of 
the enormous amoinits of overlying ice. 

pjvaporation probably also ])layed an important ]iart in the thinning 
of the ice sheet as it ])rogressed soutliwai'd. Even in the solid state ice 
e\'aporates considerably as is sliown liy wet clothing hung out to dry in 
freezing weather, and evapoi'ation must liave been rai)i<l in warmer weatlier 
when the u])])er layers of the ice were soggv \\itli water. 

The most rapid melting, of course, must liave taken place near the 
margin of the ice sheet. Plere enormous (|uantities of water must have been 
I'cleased, foi'ining many streams carrying rock, sand, and mud forward 
from tlie ice front. 

y/-'/. SuJ)^l(iei(il Streams niid the Foiiiuitioii of E.sh-ers 
Sooner oi- later the water formed at the surface of the ice sheet, by 
melting, finds its way into ci'evices, and either is absorbed by the ice or 
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finds its way down to the lowest de])tlis, where it joins the water ])ro(hieed 
by the melting of the l)asal parts of the iee, owing to |)ressni'e, as ex])lained 
in the preceding lines. Tliese may l)e called tlie .sub^lacial waters oi' tliose 
which exist beneath tlie iee slieet. They l're<|uently How along distinct 
channels, and form subglacial streams. VVIiere they issue from hv 

neatli tlie iee sheet, at its mar<''in. 




Diagram representing gravel and sand ilepnsits left hy 
a suli-glacial stream. Tlie deposits, of course, are 
nuicli more irregular than here indicated. Tlie lop mI 
the glacial ice must he imagined as far ah<jve the 
liigliest part represented in the diagram. 



they may he of large size, as is tlie 
case of the Khone, wliich is already 
a stream of considerable size where 
it ap|)ears from Ix-nrath the Rhone 
ulacier. 




A gra\el ridge <>r esker fijrmed h\' the slumping of the 
upiier part of the gra\el and sand 'ieposit, left \>\ the 
su!)-glaeial stream, after the melting of tlu' Ke. In 
this diagram the slumped part of the dejioslts are 
shnwn ns having Inst all evi<leiice of heiiding i.r ar- 
rangenuTit in mure ur less distinct layers. In nature, 
p.irt u] the slumped material might retain evi'Jences of 
former hedding. 



Wliere subglacial .streams Hnwtd along CDiitiiR'd channL'ls. the waters 
must have tlowed with great vt'ldcity. Sueli streams must lune heeu charged 
heavily with rock and sand and mud from the melting base of the glacier, 
and the rock fragments must have been rounded and more or less sorted into 
lavers, as in the case of ordinarv streams, not flowing beneath ylacial ice. 

Where the subglacial streams oecu])ie(l nai-row ehannels, su])])orte(l on 
the sides by steep walls of iee, the accumulations of gravel and sand along 
the stream channel may have l)een of moderate width com])ared with their 
total thickness. However, after the melting away of the lateral sujjporting 
walls, on the (lisap])earance of the ice sheet, the lateral edges of the sand 
and gravel layers must have slum])cd off' and rolled down, adding to the 
width of the deposit at its base, but ])ermitting its to]) to become nuich 
narrower and more ridge like. In this manner, a (le])osit !()(» feet wide at 
the to]) and 100 feet liigh nn'ght narrow to a width of 2.5 to 30 feet at the 
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top and widen to more than 170 feet at the hottom. Such shimping could 
be detected best by a cross-section of the glacial stream deposit. The ma- 
terial which had rolled down the slo])e of the ridge toward its base woidd 
not be arranged in layers, but would lie in disorder against the lateral mar- 
gins of those more central parts which still ]jreserved evidence of arrange- 
ment in layers under the sorting action of rmining water. 

Such narrow ridges of sand and gravel de])osited by subglacial streams 
are known as eskers. Tliey represent narrow stream deposits originally 
supported laterally l)y walls of ice. Kskers are phenomena chiefly of the 
extreme front of the ice sheet. Usually tliey are less tlian a mile long, but 
eskers scores of miles in length are known. 

The long narrow gravel ridges south of Dayton extending from Cal- 
vary cemetery and Carrmonte southward to Moraine farm and Delco Dell, 
are eskers. 

4-'>- The Gravel Ridge.s Soutli of Da/ftoii Represent Stream 
Courses Beneath the lee SJieet 

From this point of \iew, the long narrow gra\'el ridges south of Dayton 
may l>e regarded as marking the location of former sul)glacial stream 
coui'ses, oi" rather, of such parts of foi'mer stream covu'ses as still are pre- 
served. The sul)glacial streams, in general, flowed southward. Sometimes 
adjacent stream courses united, as in the case of the Xollman and Pike 
ridges, west of tlie Cincinnati pike. Here the (le])ression crossed by the 
Xollman lane may be due to the increased swiftness of the waters at the 
point of junction of the streams. Iti tlie Hills and Dales, the Adirondack, 
Panorama and W^atei'shed lidges miite near Inspii'ation ])oint. in a region 
of high land in which the gra\el and sand deijosits form an almost con- 
tinuous sheet. 

4i>. Ciravel Ridi:;es Formed During Closing Stages of the 

Crldeitd lee ^Ige 

Frequently tlie subglacial stream courses were united by short trans- 
verse channels. AW'st of the Cincinnati ])ike. the CIia])el and I'ike ridges 
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are united by the XoUnuui and Peters ridge.s. Tlie Kastview and Sunset 
ridges are iniited at several points l)y short transvei'se i-idges, the most con- 
spicuous of whicli is at the Tip To]) knoh, at the southern end of tlie Old 
Orchard hollow, on the Moraine farm. Connecting ridges ai'e seen also in 
the Delco Dell area. One of these is followed by the main road entering 
the grounds. It is probable that the spurs j)rojecting westward from the 
Delco ridge, in the Delco Dell area, represent similar transvei'se channels 
connecting with a north and south ridge fartiier westward, of which only 
partial renniants remain. Short lateral sjnu's occur also on the western side 
of the Sunset ridge, northwest of the Summer camp, on the Moraine farm. 
Larger spurs occur on the Grand Xiew Hill farm, southwest of the Delco 
Dell area. 

The presence of these transverse ridges and short spurs suggests that 
the front of tlie ice sheet nuist have been ^'ery stagnant at the time of their 
formation. ^Moving ice would have shifted these lateral channels and would 
have spread their deposits over a wider territory. The ridge-like character 
of the deposits in these transverse channels would have l)een largely ob- 
scured. 

Gloving ice probably would have ol)scured also the sharpness of defini- 
tion of the main gravel ridges, such as the narrow parts of the Pike and 
Chapel ridges, west of the Cincinnati pike, the northern part of the Adi- 
rondack ridge in the Delco Dell area, and the best defined ])arts of the 
ridges on the ^Moraine farm and in the Delco Dell area. 

It is probable that the gravel ridges were formed during the closing 
stages of glacial action in this part of Ohio, when the ice front was melting- 
back. There is no evidence that the ice sheet ever extended so far south- 
ward again. The deposition of the sands and gra\'els may have taken place 
in a very short time. Given an abundance of water and rapidly flowing 
streams, and a few years woidd account for all the gravel ridges seen south 
of Dayton. Under favorable conditions even a few months might suffice. 
At any rate, the formation of the gravel ridges probably was but a bi'ief 
and minor episode in the long-continued glacial history of our continent. 

Possibly the rapidity of accumulation of the gravel ridges accounts in 
part for the great variation in the heights attained at different ])oints along 
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\'ii.\v lif C.iriilivlil hcllciw, Indknig iK-rlli. This hnll.jw lies west of the Leliman rnlge. This is an excellent illustra- 
tiein of the f i-e(.iiiei!t neeurrenee of low ileiiresscd areas, without drainage outlets, lietween the parallel gravel ridges. 



their crests. Deposition, in general, is an e\i(lence of ai'i'csted, or at least, 
diminished ti-ans])ortiiii>' ])owev. A\ the most i-a])id ])oints of flow, the sand 
and gra\'e] would l)e carried i^ff: at the less ra])id ])oints tlicy mi^'ht remain. 
It is the ])oints of more ra])id flow that t^'ive rise to the swimminy pools 
alono- sti'eams. 

y/J'. The Kdiiic ^Ircd 

Streams flowed not only aloni;' cliannels beneath the ice, l)ut at the mar- 
gin of the ice sheet, also in the re-entrant angles of the ice margin, and 
o\ei' the areas immediatelv in front of the ice sheet. Here, whei'e the waters 
could spi'cad o\-ei' the Hat lands, the \iolence of theii' I'ush was much dimin- 
ished, and thick de|)osits of gi-a\'el and sand wci'c formed. The irreu'ular 
accumulation of tlie.se matei'ials, accompanied by tlie in-egular adxance and 
recession of the ice front, i)roduced a \'ery irrcguhu' land surface, including 
hills, kiiohs, ridges, long hollows, and iri'egular de])ressi()iis, known as kame 
moi'aines. The term kame is most a))])ro])riate foi' the knoh, hill, or ridge 
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Iniilt u]) by niiiniii<>' watL-r iTsultini;' IVoni iiii'ltiriL;- glacial ice, hut it may be 
used also for tliose aecuniulatious of stratified sand and n'ravtl in wliicli the 
to[)oi>'i-a[)hy is scarcely pi'onouiiced enou^li to result in well defined hills 
and hollows. 

Xorth of the O'Neil road, the kanie territoi'v extends at diff't'rent i)oints 
from more than half a mile to nearly a mile west from the Cincinnati pike. 
In the Hills and Dales area it includes all of the country east of the 
Wayne's Pass road, as far south as the Locust fai-ni, and the Stro(»i) road. 
South of Delco Dell and the (irantl Vlt^w farm, the kame area extends as 
far as Hole's creek. The "'ravel i-idi>'es ai'e merely the most strikiuii' topo- 
graphical features of the kame area. 

^.v. The Outicasli Fhuii.s in Froni of flic (rhicial Ice Sheet 

Kames, in general, are hill-like accumulations of sand and gravel near 
the margins of the ice sheet. Where glacial streams, at the margin of the 
ice. entered large, flat x'alleys, with only a moderate slope, their I'ate of flow 
must have diminished ra])idly. resulting in large aecuimdations of gravel 
and sand, raising the le\el of the stream channel and causing overflows, 
resulting in a continual change in the jjaths of the stream channels. At a 
greater distance from the ice fi'ont, these streams must have cai'ried chiefly 
sand and mud, forming immense sand i)lains and mud Hats, such as the 
large flat lands extending from Dayton down the Miami Aalley as far as 
\Vest C'arrollton and Miamisburg. The large flat counti'v west of the 
bluffs, and extending east of the Cincinnati ])ike as far as the western edge 
of the hill country on the Moraine farm, is a large outwash plain. 0])i)osite 
the Moraine farm it has a width of fully two miles. The Hufl'man ])rairie 
area, extending from the ^^'^right Aviation field, several miles northeast of 
Dayton, to^vard Fairfield and Osborne, is another outwash plain of large 
dimensions. 
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CHAPTER VII 

PERIODS OF AUVAXCE AND KKC KSSlOX OF THE 
GFACIAL K'E FKOXT 



4-'>- 2I()rc TJinii One ^Ldvcutcc of ihc (iJacud Ice SJteet 

Even the xVlpine glaciers vary in length. They move- fai'thei- down the 
\'alley in 'wintei' and melt hack in .snniniei'. A succession of warm summers, 
with comparatively little snow fall, may cairse the ice fi-ont to melt hack far- 
ther. I^ater, it may advance again. Considerahle a(hances have heen noted 
recently in case of some of the Alaskan glaciers, caused a])i)areiitly hy the 
shaking down of unusual quantities of snow from tlic u])pei- mountain 
slopes, as the result of se^'cral earth(|uake shocks. The ad\ance of the ice 
front lagged sevei'al years behind that of the gi'cat snow slides Avhich ac- 
companied the earthquake. A'ariations in the i^osition of the ice front due 
to climatic changes, however, are likely to ]))-ove of longei- duration. 
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Durino- the melting back of tlie ice front, the various deposits at its mar- 
gin form tlie terminal moraine, l)eyoii(l whicli extends tlie outwasli ]jlain 
formed hy the numerous streams escaping from tlie ice. Later, when the ice 
front read\ance(l, the dehrisdaden liase of tlie ice sheet might be pushed 
on top of the earlier sand and gra\'el de])osits, so as to lea\'e a layer of till 
on e\'idently stream deposited materials. 

In descrihing the glacial deposits exposed at the (piarries at Bea^'erto\^•ll, 
Leverett states that the main mass of till, .> to 10 feet thick, oxerlics poorly 
assorted gravel and sand, horizontally liedded, while the latter often rests 
on a thin layer of till, in contact with the rock. Here the lower till evidently 
represents a remnant of an earlier ground moraine. co\'ered \\ith gra\'els 
and sand by streams issuing from the retreating glacier. 'I'lie upper till 
re]jresents a later ground moraine, which toward the niai'gin of the re- 
advancing glacier rode over the sands and gra\els deposited during its 
period of retreat. 

Till resting on considerable thicknesses of gl•a^'el may be seen also in 
the southeastern part of Dayton, along the northern tdgt of the hill land 
forming Ohmer Park. It is exposed at the numerous gra\'el pits at present 
to be seen south of the baseball park in east Dayton. Here the till fre- 
(pieiitly is 1 to 4- feet thick. It e\'identl\' rises from the h)\v lands, (^n the 
north, toward the south, and indicates that tiic ice front was ])ushe(l up and 
o\'er the water-laid dcj^osits of sand and gra\el. sufficiently to lea\'e u])on 
them the till, emiiedded within its lower ])ai'ts. 

Some of these changes in the ice front ])rol)ably were of \ery minor 
character. At the great gra\el pit northeast of the C'ahary cemetery, a 
thin layerof till, only about 2 feet thick, jddjects southward into the gravels, 
iieing both underlaid and o\erlaid by gravel and sand. Similar thin layers 
of till occur in the gra\el pit north of the rcser\'oir along the Stroop road, 
on the Moraine farm. 

When these deposits of till and gravel are of very local character it 
easilv is possible that the same ])art of the ice front could furnish gravel 
and san<l from the subgjacial streams and till from the melting base of the 
ice sheet. 
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■'iD. Periods (if (rlticidl Advance (did Iiccc.ssioii 

Some of the recessions and ;Hl\anees of the iee slieet in\()l\e(l the sliift- 
ing- of the ice front for sucli lony distances, and iinohed sncli long' periods 
of time, that it lias been found con\enient to give tliem names. Tlie 
periods of achaiice of the ice sheet are known as tliose of in\'asion. 'i'hose 
of the melting l)aek of tlie ice front have heen called the interglacial inter- 
\als, because (hiring the latter the ice disap])eared ovei' a large ])art of the 
marginal portions of the ice-co\cred territory. During the interglacial 
intervals hoth jilants and animals per\aded the ice-freed country. The top 
layers of the glacial deposits wei'e coiuerted gradually into soil. The sur- 
face rocks began to show the iiiHiiences of ex])osure to the weather. Their 
color changed to bro\\'nish and the included minerals began to decay. 

Plant and animal life invaded the country. In the swampy areas, peat 
was formed. In the ])onds. the accumulations of millions of shells, often 
very minute, gnvt rise to marl. In these xarious ways the interglacial in- 
tervals left records of their former existence. 

The collecting of the e\idence of the more prominent achances and I'e- 
treats of the ice front of the foi'uier great continental glacial ice sheet rep- 
resents the monumental work of (|uite a number of the most able American 
geologists, among whom may be mentioned C'hamiierlin, Salisbury, lyCA- 
erett, Calvin. Upham, and Taylor. 

The following list includes the names of the chief periods of invasion 
and retreat of the ice front, the iinasictns resulting in the deposition of drift 
and the retreats being accompanied liy the formation of soil. In this list 
the first deposit of drift is ])laced at the bottom of the list and the last de- 
posit at the to]x 

10. The present period of complete disapjiearance of the continental ice 
sheet. 

1*. The A^^isconsin drift, the fifth iinasion. 

8. The Peorian soil, the fourth interglacial inter\ al. 

7. The Io\\-an drift, the foui'th in\'asion. 

<;. The Sangamon soil, the third interglacial inter\ al. 

5. The Illinoian drift, the third invasion. 
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^lap showing iJifferLnl; im-.itiniis of IIt. i- > fr<iiU aiming llir rt'treat of the WisL-nnsin ice sheet, Rc'drawn from 
Leverett's :\Ion(igriii.h on the "<.;iaeial runnaiiMii^ ,in-l Drainage Features of the Erie and Ohio Basins." 
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4. The Yarmouth soil, the second iiiter<il;ieial iiiter\al. 

3. The Kaiisan (h'ift, the seeoiul invasion. 

2. The Aftonian soih the tirst known interglacial intei\ al. 

1. The Pre-Kansan drift, the earhest known invasion. 
The names for these deposits and periods are chosen fi'om those ai'cas in 
which the th'ifts and soils are typically exposed, 'i'he names W^isconsin, 
lowan. Illinoian, Kansan, and Pre-Kansan are self-ex]jlanatory. The town 
Peoria and the river Sangamon are in Illinois. Yarmouth and Afton are 
toMiis in Iowa. 

51. The Earlier (rlacial Invasion.'^ of Ohio 

Xo traces of the l^re-Kansan or Kansan invasions have heen identified 
in southwestern Ohio. Both are chiefly of western distrihution, although 
certain deposits in the northwestern part of Pennsylvania are regarded by 
Leverett as contemporaneous with the Kansan deposits. 

The third, or Illinoian invasion not only reached the Ohio river, hut 
crossed over into the limits of Kentucky in the area south of Cincinnati. In 
western Ohio, the terminal moraine marking its soutliern boundary, passed 
from Chillicothe southwestward to Ripley, on tiie Ohio river, and then along 
the river almost as far westward as Cincinnati. Before reaching that city, 
hoMe^er, it entei'ed Kentucky and took a southwestei'l}' course as far as the 
bend of the Ohio river east of Warsaw. Westward, it followed the southern 
side of the Ohio river to the vicinity of Mar])le Hill, a small village south 
of Madison, in Indiana, beyond which the boundary entered the state of 
Indiana. 

The lowan invasion also appears to have been chiefly of western distri- 
bution, and its identification within the limits of Oliio may be said to I'c- 
main uncertain. 

5;?. The Terminal Moraine of tlie Earlier Pari of the 
Wisconsin Invasion, in Ohio 

The earlier part of the AVisconsin invasion of the continental ice sheet 
took place in the form of a series of broad lol)es, 60 to 80 miles wide, occu- 
pying the largei- drainage l)asins. Of these, the Miami lobu. at its period 
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of t>re:ite,st adx aiice, formed an ice front i-eaeliin<^' from Xenia to W^aviies- 
ville, licbanoii and ]\Iason. It extended almost as far south as Hartwell, 
5 or (> miles north of Cincinnati. X'oi'tii of Ilai'twell the front of this lohe 
turned northwestward, towai'd Hamilton; tlien soutliwest for a short dis- 
tance, and again nortlnvest, as far as Bi'ookxille, in Indiana, finally turn- 
in<J' northward toward C'oiiners\ ille. 'I'his is the Ilai'twell njoraine. 



■7./. TJtc (icnnauhncii . Katoii. mid Kiii^lczcodd Dixi-'iidiis 
(if the Dai/toii Mnraiuc 

Tile most s(nit]iern di\ ision of the Dayton moraine extended heyond 
(xermantown. This marks a latei- stage of the Miami lohe. This (rermaii- 
to\\'n moraine may be traced from east of Harshmanxilie, across ITuff'nian 
liill, to the hluft's, souti) of Dayton, and tiience east of the Miami valley, by 
way of C'arrmonte, the Moraine farm, and Delco Dell, to the hills east of 
Miamisbiu'g and Fi-anklin. From Franklin this moraine may be traced 
westward, south of (Tcrmantown, to Camden, and thence to Richmond, in 
Indiana. 

It is to this most southern extension of the late \\^isconsin ice sheet, 
gi\ing rise to the (TCi'mantown moraine, that the gi'avel I'idges south of 
Davton owe their origin. Tiiis (Termantown di\'ision of the Dayton mo- 
raine irsuallv rises about 20 or 80 feet abo\e the level of the land on its 
southei'ii side, although locally this ele\'ation may rise to .50 feet. Roads 
entering this moi'ainal tei'ritoi'v from the south often rise abruptly on reach- 
ing the moraine. The \\idth of the moraine, from north to south, is about 
two miles. 

The jniddle or Faton division of the Dayton moraine extends from 
Davton \'iew' southwestw ard to a point tlu'ee miles north of (Tcrmantowii. 
and then curxes noi'thwestward to l'armers\ille, Ingomar, AVest Alexan- 
di'ia, and l^'.atdn. ])assing east of Xew' Pai'is. and west of Xew Madison. 
This middle or Faton di\ ision of the Dayton moraine may be recognized 
readih' bv the \er\' lai'gc number of bouldei's found on its siu'face. In a 
field near West Alexandria. I'l'ofessor ()rton actually c'ounted more than 
l.'iOO boulders, exceeding '1 feet in dianietei-. pel' aci'c. The majoritv of 
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thf larger boiildfi's \\-a\v a xdliinu' (if 10 to 20 cnhic IVi-t, lint some attain 
a \()hinic' of 100 cnliic IVct, or niort'. Most of tlicsc honldrrs consist of 
Canadian i^Tanitcs, i^Tccn-stoncs. st'liists. and (|nait'/.itt'S. Hnt \'rr\' few lime- 
stones or boulders of loeal orii;in, in Oliio, iiw present. The \'ast majoi'it\' 
are subani^'ular, or only |)artiall\' rounded. .Searceh' one in a liundred 
shows i>'laeial sei'atehini;-. Kxidentiy. many of these honlders wei'e earried 
alont^' chiefly within the hody of the iee, rathei' than shoxed alon^' at its 
liotfom. North of Dayton, this honlder helt may he traced IVom Davton 
^'iew to the uorthei'n part of liivei'dale, thence alon^' the eastern side of the 
31ianii, to A\\'st Cdiarlestown, C'hristiansliurii', and St. I'aris. Jts usual 
width. \\'here it can l)e distiii<;'uishe(l fi'om the two other (h\ isions of the 
Dayton moraine, is two miles or some\\hat less. The southern hoi'der of 
this Katon (li\ision of the moraine usually has a more i^i-adual rise above 
the lands immediately southward than is ti'uc of the southern border of the 
Camden di\'ision of the moraine. 

The northern or Kn^ylewood di\ision of the Dayton moraine extends 
from the area east of 'J'roy southwestw ard. ci"ossint>' the Stilh\ater \-d\- 
ley at Knglewood. thence ])assinn' to I'yrmont. Sonora. Ithaca and Fort 
Jeft'erson. This di\ ision of the moraine also is co\ered with an abimdance 
of boulders, but not in such great nuiiibers or of such large si/,e as in the 
case of the middle or Katon di\ ision. 'I'he width of this di\'ision of the 
morahie. measuring across the moraine from north to south, vai'ies from 
two to three miles. 

These three di\'isions of the Dayton moraine represent three distinct 
stages in the reti'eat of the \Visconsm glacier. Kach di\ision records a 
period diu'ing ■which the glacial ice front remained com])arati\ely station- 
ary, shifting forward and backward within com]nii'ati\ely nai'row limits. 
The spaces between consecutive di\isions record ])ei'iods diu'ing \\'hleh the 
melting back of the ice front was too rapid to admit of the deposition of 
thick layers of till and other glacial deposits. 

Xortheast of Dayton the three di\isions of the Dayton moi'aine a|)- 
proach each other sufficiently to more or less overlap. Ilenee. within this 
ai'ea, as far as Bellefontaiiie. it sometimes is impossible to distinguish the 
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component divisions from cacli other with suffieient uecuracy to estahlish 
more than their general trend. 

There were many sueh i)eriods of comparative rest and of moi-e rapid 
retreat dnring the deehne of tlie Wisconsin olaeier. j\t each |)eriod of 
rest a new terminal moraine was formed, ten, twenty, thirty, or some otlier 
nund)er of miles haelc from the moraine formed at the preceding halt of 
tile retreat. One of these later formed moi'aines extended almost as fai' 
south as Crreenville. ^Vnother ahiiost readied Wisailles. Anotlier reached 
the northern border of the Loramie reser\oir. Another reached Cehna and 
St. 31arys. iVnother stopped north of Lima. Anotlier reached a ])oint 
north of Findlay. Still otiiers terminated at ])oiiits farther noi-th\\ard, lint 
included within the hoimdaries of Canada. 

.5^. Buried Soils 

Each period of retreat of the glacial ice sheet exposed more and more of 
the ground to the activities of the sun. ("nder the intluence of heat and cold, 
moisture and dryness, the ground liegan to weather. Owing to tlie presence 
of very small quantities of iron, it gradually assumed a lirownish color. 
Seeds were blown in from southern territories, or were carried in by ani- 
mals. The ground, barren at first, lieeanie clothed with vegetation. The 
roots, penetrating the soil, loosened the ground, and, liy their decay, en- 
riched it. Burrowing insects and worms brouglit up tlie finer pai'ticles of 
soil to the top and left the coarser particles behind. The final j^roduct was 
a surface layer of loosened earth, more or less intermingled with decayed 
vegetable material, which might be recognized by anv one as soil. 

Even when a soil formed diu'ing some interglacial pei'iod was buried 
under the deposits of some later read\ance of the ice sheet, this buried ma- 
terial can be recognized as soil. In some cases it can be recognized as soil 
by the presence of the tortuous but very narrow ca\ities left by the roots. 
In other cases, the presence of burrowing insects assists in identifying 
it. Roots and parts of trunks of trees may l)e left in their oi'iginal posi- 
tion. The brown color may be pi'eserved. Of course, where the quantity 
of included vegetable material was so great as to color the soil black, the 
latter can be identified most readily. 
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Such l)urit'(l soils occur at niiuicrons localities in ()liio. 

One of tlicsc ancient soils is exposed on the eastern hank of Twin ci-cek, 
abcnit a mile east of (ii^Tinantow ii, ininiediatcK' south of the localitx' whei'e 
the traction I'oad he^ins to descend the hill land ra|)idly, J4'oiu,!4' westw ai'd. 
Here thick deposits of till line the western side oi' the creek', roi'iiiini^" steep 
slopes. ( )idy one or two feet aho\c the le\el of the ci'eek. dai'kened. almost 
black soil is cx])osed when the stream washes a\vav the material which has 
slumped down from hii;her le\(_'ls on the hank. In this soil I'l'ol'essor Oi'toii 
recoii'iiizcd fra^'UR'nts of coniferous wood ( prohahh' cedar), t'cdai' berries, 
i^'i'asses, sedii'es, and s|)hai;iious mosses. 'I'o I'rofessor (i. 1^'. W'rij^'ht the 
deposit suyi>-este(l a ])eat layer foi'med at the l)ottom of a kettle hole, a de- 
pression in ])art of a kettle moi'aine. I'ossibly this soil represents the in- 
terval between the deposition of the eai'lier and later A\'isconsin advances 
of tlie glacial ice sheet. 

At Wilmington, Ohio, Doctor ^Vustin disco\ered in a similar peat layei" 
the remains e)f beetles and other animal life indicating a general return to 
living conditions during the inter^•al occaipied by this period of peat foi-ma- 
tion. In fact, the border of life probalily ne\er was far south from the im- 
mediate front of the ice sheet. In the Alps, ])lants s])ring up almost in con- 
tact witli the ice, as soon as the gi-ound is ex|)osed to the warming influences 
of the sun. Some of the hea\y seeded ti'ees, like those bearing the heavy 
nuts, such as hickoi'y and walnuts, and including also the oaks, may have 
taken much longei- periods of time to return to their original habitats, while 
trees with seeds that are carried by the wind, such as maples and poplars, 
certainly )-eturned much faster. 
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\'iv\v fi"iim the ridge northeast <"if the Enirick farm laiiMings, imrthw ard, shewing stjine nf tlie spurs extending frum 
the main ridge westward, ininiediatel)' nurth <•( llic gaji. Tlie gaji is hicated in the rear uf the strungly won<k-d land 
shi.iwn in this \'ic\v. 



CHAPTER VIII 

DIFFEREXCES IX A(;E OF THE ^ ARIOUS (iLACTAL 

DEPOSITS 



JJ. Difference in l)ei!;ree of ]]\'(ilJii'riiii:; Slioicii hi) 
Deposits of Di If ere lit ^l^^-es 

Great (HfFereiices in ai>'e })i-()l)al)ly exist between the deposits left l)y tlie 
earlier invasions of the iee sheet and those left by later advaiiees. In Iowa, 
for instanee, ^vbere all of the invasions mentioned ha\e left deposits, the 
niorainal niatei'ial deposited by the Kaiisan achance of ttie ice sheet has 
weathered downward to deptbs Aaryiny- from 12 to ;5l) and e\en 40 feet, 
while the Illinoian deposits have weatliered only to depths of '.i or 4 feet, 
and tbe lowan and \Viseonsin deposits scarcely sbow any conspicnons signs 
of weathering at all. 
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By \veatheriii<>' is meant tlic chaniic in c-dlor and the disintc^i'ation ov 
decay of the minerals, resnltiiii^' fi'om exposnie to air and water under the 
intiuences of con.siderahle cliani^es of lieat and cold. The change in coloi' 
usually is toward yellow or reddish hrown. 'I'iie feldspars in the granites 
ehanye to kaolin and iia\ e a dull \\hitish instead of a more or less colored and 
glassy appearance. The honihlendes and hiotite micas assume a more oi' 
less rusty appearance. Other changes take [)lace, leadily enough recognized 
hy the mineralogist, hut oidy crudely explainahle to those who ha\'e gi\en no 
previous attention to minerals. 

In the older deposits, those of the Kansan invasion, the rocks have 
changed in coloi- and have disintegrated, so that frecjuently it is necessary 
to hreak them ()})en in order to seciu'e sufficiently unaltered specimens to he 
ahle to identify them, \\'hile the rocks in the more I'ecent deposits nsually 
preserx e theii' component minerals in a readilx' reeogni/.ahle form, e\ en at 
the surface. 

Evidently the Kansan drTft must he \ery much older than the ^Viscon- 
sin. Recent studies hy Frank Taylor would admit the elapse of even as 
much as .50,000 years since the reti'eat of the ^^'isconsin ice sheet hegan. 
Considering that this great elapse of time has iteen insufficient to produce 
any considerahle change in the rocks (le])osite(l hy the Wisconsin imasion, 
the deposits of the Illinoian adxance nuist he much older. 

But what shall we say of the age of the deposits made i)v the achance 
of the Kansan glacier:' ^^\-athering down to a depth of 8 feet recjuires more 
than twice the time necessary to produce weathering to a depth of 4 feet. 
AVeathering proceeds much more slowly as the distance from the surface 
increases. Several hundred thousand years can not he too long a time to 
assign to the earliest deposits left l)y the continental glaciers. 

5/!. Difference in the Decree of Snrftice Erosion Sl/oicn 
J>!l Deposits of Different ^l^'es 

Uiflferences in age lietween the deposits of the diff'ei'ent achances of the 
continental glaciers ai'e indicated also l)y the degree of change which has 
affected the genei'al topography of the land surface left hehind after each 
of these advances l)v the retreating ice sheet. 
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The Kansan morainal deposits, for instance, have been deeply car\'ed by 
streams since the retreat of the ice sheet from these deposits. In some cases, 
riA'er \'alleys more than 100 feet deep and over a mile wide have been cut 
into the Kansan deposits. Deep, open ravines, from which brancli lateral 
ra\ines A\'ith gentle gradients, intersect the original morainal deposits in 
all directions, leaving intermediate areas characterized by rounded hills and 
ritlges. It is the kind of topography known to students of physical geog- 
raphy as mature, with mature streams, valleys, and hills. 

Contrast with this the elianges to l)e noticed in the case of the Illinoian 
deposits. Here steep rain-cut gulches extend only for comparatively sliort 
distances, ne\er exceeding several miles, back from the margin of the I Hi- 
noian morainal deposits and froni tlie few large river courses. Three- 
fourths of the area covered by the Illinoian drift is not affected at all l)y 
stream action. It is an area of youthful topograpliy. 

Still more striking is the difference noticed on approaching the deposits 
left by tlie lowan and Wisconsin advances. Here the glacial deposits 
usually still preser\'e their original contours. A^ery little cutting by stream 
action is in eA'idence. The topography is that of extreme youth, from the 
standpoint of a student of ])hysical geography. Xo vital change lias taken 
^^lace since its original deposition. 

'n . The Gravel Eidi^e Territor// South of Dai/ton Is Charac- 
terized hji Veiii Youthful Topography 

The territory between Calvary cemetery, Carrmonte, tlie ^foraine farm, 
and Delco Dell belongs to the area of late ^Visconsin deposits. Here also 
there is evidence only of the most youthful topography. The contours of 
the hills, ridges, hollows and valleys have suffered scarcely any change in 
form since they were left by the retreating ice sheet forty thousand or more 
years ago. There are no rain-cut gulches excepting -where started recently 
by denuding the laiid of its foi'est co\'ering. ^'^ery few streams lune man- 
aged to esta])lish themsehes as yet, and these have not had sufHcient time 
to carve channels of greater dei)t]i tlian several feet below the natural level 
of the ground. In fact, the youthfulness of tlie topographv is tlie most 
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striking feature of this area. But when youthfuhiess is measured in perii)(ls 
of forty thousand years, what is meant hy ohl age, in geologieal studies, 
hecomes more impressive. 

08. Differences in ^igc Suggested Also by llie 
Inter glaeia] Deposits 

The elapse of time represented by tlie different interglaeial intervals is 
suggested by the iHtf ereut degrees of weathering shown by tlie immethately 
preeeding and sueeeeding glaeial deposits, and by the relative amount of 
change which has affected their siu'faee topography. 

The character of the deposits made during the interglaeial periods them- 
selves also may suggest different lapses of time. For instance, during tl)e 
Aftonian interglaeial interval, peat beds accumulated in some localities in 
Iowa to a thickness of 3 feet. The material consists chiefly of tamarack and 
moss. INIany generations of plant growth must lune been necessary to 
produce peat deposits of such thickness. ^Moreover, as may be seen in tlie 
following paragraph, there is evidence of abundant life during this Afton- 
ian interglaeial interval. But an abundance of animal life recpiires an alnm- 
dance of vegetation, and it must have recjuired many years for tiiis vegeta- 
tion to establish itself after the i-etreat of the Kansan ice sheet. 

Forests were present also during the Yarmouth and Sangamon inter- 
glaeial intervals. Their presence is detected chiefly in the peat deposits, 
but parts of tree trunks may be included in the immediately overlying till. 

I have noted already the presence of fragments of Avood in the peat de- 
posit one mile west of Germantown, and in the till at the quarries northeast 
of BeaA'ertown. 

Tlie greater thickness of the peat deposits during the Aftonian inter- 
glaeial interval suggests not only the presence of considerable moisture 
during this period, but also a relatively greater lapse of time. 

59. Differences in ^ige Suggested Also h>/ the Chardcter of the 
Aiiinial Life Enclosed in tlie Interglaeial Deposits 
Possibly the most interesting evidence of the great age of the Aftonian 
deposits is given by the nature of the animal life then existent. In recent 
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years, a considerable iuiml)ei' of animal remains lune l)een diseoAered in the 
Aftonian gra\'els, in Iowa. Tliese inelnde two or three species of elephant, 
one or two species of mastodon, one species of camel, two species of horses, 
and varions other less famihar animals, some of large si/e and belonging to 
snch genera as Megalonyx and Myolodon, names which ha\e no meaning 
except to stndents of ancient fossil life. 

All of these fovn'-footed animals li\"ing dnring the Aftonian interglacial 
inter\'al ha^e one characteristic in common. All of the elephants, camels, 
horses, deer, antl other animals then n\ing, even when gi\en familiar 
names, are ditt'erent from the elephants, camels, horses, deer and other 
animals \]o\v li\ing. They belong to entirely different species. This it- 
self is an evidence of the gi'eat age of the Aftonian deposits. 

Some of the ^Vftonian animals ha\e been re])laced by other species jnore 
or less closely related to the forms then li\ing. Others ba\ e left no de- 
scendants, or close relatixes, and ha\e become entii'cly extinct. 

On the other hand, dm'ing the \'armonth interglacial intei'\'al some of 
the s[)ecies of animals which still are in existence made their appearance. 
These inchide the wood rabbit and the common sknnk. ^Vssociated with 
these more modern animals there still I'emained, during the \'armouth 
inter\"al, many of the more ancient types, \\hich since ha\'e become extinct. 

In fact, many of the animals now extinct mnst ha\e ])ersiste<l until 
quite recent times, geologically speaking, since their I'emains occiu' in 
swamps resting on the toj) of the late Wisconsin morainal deposits. Their 
age is at least more recent than these de]josits. To this group of animals, 
now extinct, but pei'sisting at least until the close of the late Wisconsin 
ad\'ance, belong the elephant and mastodon, and other less familiar ani- 
mals, such as the megalonyx, tapir, peccary, musk-ox, and giant bea\ei'. 

h'li. Tlic Mctlmdx (if Idcniif ijiiii:; Fuss'il AuhnaJs 

\\"hen we say that we lia\e fomul the remains of some animal that 
li\e(l many thousand years ago we mean mei'ely that we ha\'e found the 
bones or part of the bones belonging to the skeleton. The other parts 
almost imariably decay. 

[ l-« 1 
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In the frozen soils of northern Siheria, the hoches of the hif^e elephant 
known as the hairy niamnioth have heen foniul witli the tlesh so well pre- 
served that it was eaten hy dogs. The most Instrnctive speeinien was found 
on the banks of the Beresowka ri\'ei-, in eastern Siheria. Its remains weie 
taken to St. Petershurt;'. It appears that this animal, wliile (piietly gi'a/,- 
ing, fell into a hole in the treaeherous soil, and was injni-ed so badly that 
it died within a short time. The body was soon frozen, and was co\'ered 
by iee and soil so as to remain in praetieal eold storaj^'e for tlionsands of 
years. So well \\'as it preser\ed that e\'en its internal org-ans eonld be dis- 
sected and studied. The whole body was covered with yellowish brown 
hair, that on the breast and sides of the neck bein<>' long. The finer bail' 
or wool, fi'om 2 to 4 inches in lengtli, formed a dense coat over the entire 
body, and among this wool grew the courser and much longer hair, some 
of it attaining a length of 20 inches. The stomach was filled with the food 
the animal had just eaten and between the jaws \vas a mass of material 
"hich it had not had time to swallow before it died. Kven the food in the 
stomach was preserved sufficiently well bv the cold to permit the identifi- 
cation of many of the plants which the mammoth had eaten. 

^^arious ])ersons ha\'e claimed also to ]ia\e found hair associated \vith 
the bones of another elephant know d as the American mastodon. The 
hair decays much later than the tiesh. 

It has been asserted also that parts of the skin of prehistoric animals 
have been found associated with the skeletons where these had been mired 
in salt licks, or swampy places impregnated with salt, in which case the 
salt acted as a preserAatix'c. 

As a rule, however, the remains of prehistoi'ic animals occur only in 
the form of skeletons. If these skeletons always were complete, the iden- 
tification of the animals frequently wovdd be Cf)mparatively easy. As a 
rule, ho\ve\er, onlv parts of skeletons, and sometimes even oidy isolated 
bones or teeth are preser\ed. In these cases the identification of the re- 
mains is much more difficult, and recpiires the skill of those si^ecialists who 
call themselves osteologists. These men. almost always connected either 
with some college or with some museum, make such a study of each bone 
of each animal that they frequently can identify an animal by a single 
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hone. Ill such cases the Iwnie possesses some characteristic not possessed 
hy any other animal. Even when the exact identity of the animal can not 
he estahlished, the group to which it helongs often can he determined. For 
instance, the animal may lie identitied as helonging to the group of cats, 
or horses, or deer, without determining the exact animal, since the grou]) 
of cats includes the lion, tiger, leopard, jaguar, and many otiier animals, 
in addition to the ordinary cat. The group of horses includes also the ass, 
and zehra. The group of deer includes also the moose and elk and other 
animals. In the case of each lioiie there is some point at which the nerves 
or lilood-vessels enter, some ridge to which the muscles are attached, some 
smooth surface at the joint, always in tlie same place and of tlie same form 
in the same hone of tlie same ty])e of animal, liy means of these cliarac- 
teristics. \\'heii known, tlie animals are identified. 

Freijueiitly. howe\'er. it is not necessary to identify an animal from a 
single lioiie. In fact, all the more satisfactory identifications are liased 
uiion the ])resL'iice of se\eral hones, sometimes of almost all the hones of 
an animal. The fact to he emphasi/ed is that in tlie hands of an expert 
much can lie learned reganh'ng the identity of an animal e\eii from a 
single lioiie. The teeth fi'e(|uently ser\e as excellent means of identifica- 
tion, foi' instance, in the ease of ele])liaiits, horses, deer, and Aarious other 
animals. Pei'haps the most satisfactory single pai't of the skeleton is the 
skull. The skull, of course, is eoiii])osed of many hones, Init these are so 
firmly grown together and ]3ossess so many jieculiarities in ditt'ereiit ani- 
mals that the finding of a single skull almost iin'ariahly is sufficient to 
ideiitil'y the animal \\ith ])reeisioii. 

HI. Ulnrc Prcliis-toric Aii'uikiI.s Ai\- Fniiiid 

\\"hen animals die on the fields oi' in the woods, all except the skeleton 
soon decays, hut e\en the skeleton disappears within a comparatively short 
time. Ynu mav ha\e noticed that you do not often come across the skele- 
tons of animals in the woods although animals are continually dying, and 
onlv a few e\'er are huried. ()iily in \ery dry deserts do skeletons remain 
when exposed on the surface I'oi' many years. 
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When buried in the ground, espeeially in elayey soil, tln-ou^li wliieh 
water can not reachly eiix'idate, skeletons are pi'eserved iinieli longer. 
^Vhen mired in l)ogs, so as to heeonie covered with the mud, es|K'cially if 
the hogs are very peaty, skeletons may he preserved many years. 

In general skeletons are pixserved for thousands of years when em- 
bedded in clayey soil oi' mud, far from the changeable inHuences of the 
weather. There are comparati\ ely few such places. Thev consist chiefly 
of swamps, bogs, lakes, and the estuaries or deltas of I'ivers. Here the ani- 
mal after sinking to the bottom has a chance of l)eing covei'cd by the jnud, 
or sand, and it is chiefly in jjlaccs \\hicli once were nuiddy or sandy that 
the remains of prehistoric animals are found. The enormous jH'ehistoi-ic 
reptiles, of which yovi may have read, which are found in the western states, 
occur chiefly in the deltas or estuaries along the shoi'cs of ]>rehistoi'ic lakes, 
which long ago have disa])peared. 

6;-!. TJie IjOif^th (if Time Iiivuli'al in tin' Advance (iiid Retreat 
of tJic Ice Front Dnrinij; Ihc lllscniisin Invasion 

In a recent ]Kiper I'ead fiefore the (Geological Societv of .Vmei'ica. ]Mr. 
Frank Tax'lor pi'esented the following estimates of the time iiudhed in 
the closing episode of the histoi'y ol' the continental ice sheet. If about 
40, ()()() years be estimated as the time necessary foi- the adxance of the con- 
tinental ice sheet, dui'ing the AN'isconsin in\asi(in, to its most southei-n lim- 
its, followed by 4(),()0() years during which the ice front I'ctreated until it 
ex])osed tlie entire area now co\ered by the (ireat Lakes, and if to this l)e 
added 10, ()()() yeai's for the time that has elapsed since the ice sheet left the 
region of the Great Lakes, then a total of ',)(), 000 years is necessary to ac- 
count for the la])se of time fi'om the beginning of the Wisconsin invasion 
to the present day. Of the period of i-etreat, about 8.000 years are assigned 
as the time necessary for the Miami lobe to have melted back from the 
vicinity of Cincinnati as far as Defiance, in northern Ohio. This was fol- 
lowed by a period of 17.000 yeai's during which the ice melted as far back 
as Port Huron, in ^Michigan, and the earlier glacial lakes in the Ki'ie basin 
were formed. Xext came a pei'iod of 1.5,000 years, during which the an- 
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cient glacial lake Ali>'(iii(|uin covei-ed the present sites of I^akes Superior, 
^liehii>aii, and Huron, tindiny its outlet for most of this time chiefly by 
way of (reornian hay and the Trent channel into the basin of the presoit 
J.ake ( )ntario. Of the time which has ela|jse<l since the meltini;' back of the 
ice sheet sufficiently to |)ermit the dischariJ'e of the lake waters into the St. 
Lawj'ence ri\er, al>out (),.5()() years lieloii<>' to the history of the Xipissing' 
lakes, including about the same territor\' as Lake Algoiujuin, Init empty- 
ing by way of the northern end of (reorgian bay and the ( )ttawa ri\'er chan- 
nel instead of l)y way of the much more southern Trent channel, and 31o- 
hawk ri\er. For more than .'5. ()()() years the (rreat Ijukes ai"e supposed to 
ha\"e had their exits \ery nmeh as at the })resent day. 

This estimate of a total of '.»().()()() years for the lapse of time since the 
beginmng ol' tlu' cai'K' Wisconsin iinasion ma\' be matched })y another 
pi'eseiited by Professors C'hamberlin and .Salisbury, of Chicago Fnixer- 
sity. who estmiated the time which has elapsed since the climax of the late 
Wisconsin in\asion as somewhere between "iO, ()()() and (>0, ()()() yeai's. while 
the climax of the early \\^isconsin was attained between 40, 000 and 1.50,000 
years. My the climax of these invasions is meant their greatest distance 
south. In the case of the early ^^'isconsin, this distance farthest south ex- 
tended to Hart\\ell, a few miles noi'th of Cincinnati. The greatest distance 
south in case of the late Wisconsin in\asion was a short distance south of 
(rciTuantow n. It was at the climax of the late AVisconsin that the gravel 
ridges south of Dayton wei'e formed. These estimates do not take into ac- 
count the time used by the in\'asions to reach their most southern bound- 
aries during their [)erio(ls of ad\ance, but only the time occupied diu'ing 
their I'etreat. 

''•;. Tin' Diinithin i>i the (rlacial Ice ./^'C 

Chambcrlln and Salisbury eslimate 'he limes elapsed snu'i,' the \'anous 
glacial in\asions of eai'hei' age than tlie Wisconsin as foll(n\s: 

Since the climax of the lowan.... (;o,000 to :)00,000 years 
Since the climax of the I lliiioian .. 1 40.000 to .)40.000 yeai's 
Since the climax of the Kansan. . . .'JOO-OOO to l.Ol'O.OOO years 
Since the chmax of the I're-I\ans;ui . . . A still greater number 
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Very little value is ])l;Kr(l on these estimates liy the piofessoi's eited he- 
youd the fact that they <>;\vt' some sense of the ])i-oi)ortion inxohed in the 
(lifl'ei'ent time periods. 

li'/. D'lsidtivc of RciiCdt of the Ice Front Duriiifj; 
Intcrghtc'ud Pcrioihs 

In the ease of the Alpine glacier examined hy Tyndall, the rate of mo- 
tion of the central part of the ice reached a maximum of 37 inches \)ty day. 
Kstimating the rate of motion of the continental ice sheet in crossiufj;' the 
comparatively level state of Ohio at one foot per day, it would i-equire 
ahout 2,440 years to travel from tlie northern l)oundary of Ohio to the most 
southern point reached by the early Wisconsin invasion, near Hartwell, 
north of Cincinnati, and 2. 200 years to reach (xerniantown, at the southern 
margin of the late Wisconsin invasion. These numbers, however, make no 
allowance for any melting back at the glacial ice front, which nuist have 
enormously retarded the rate at which the ice fi-ont advanced, since the 
latter depends not oidy upon tlie rate of motion of the ice, but also iipon the 
rate at which the ice front is melted back. Kvidently the adxance of the 
ice front was much less on the average than .3(>.) feet per year. If one-tenth 
of this rate of advance were considered amjjle. then 24,400 yeai-s would be 
required for the ice to advance across the state as far as IlartweH, and 
22,000 years to reach (rci'mantown. Neither estimate makes allowance 
for the time occupied by the retreat of the ice fi'ont during interglacial 
times. It seems scarcely likely tliat the continental glacier disap])eared en- 
tirely from oin' continent between tlie lowan and ^Visconsin. or ])etween 
the early and late Wisconsin invasions. In fact, it is improbal)le that dur- 
ing these intervals the ice front retreated even over an interval as great as 
that represented by the state of Ohio. Comparatively moderate retreats 
would l)e sufficient to account at least for what is known of these later inter- 
glacial pei'iods. 
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CHAPTER IX 

THE EXISTENCE OF :\IAX DrRlXC; THE 
GLACIAL PERIOD 

05. The Ed'i.stciicc of Man in Europe Diirhiij; tJic (riacial Period 

In Europe, tlie earlier fairly abundant evidences of the existence of 
man consist in the presence of rude chipped Hint implements which occin- 
in ancient river gravels. The implements consist chiefly of large, more or 
less flattened masses of flint, oval in outline, more or less pointed toward 
the top. and more or less angular along the sides. In length they fre- 
quently equalled 10 to 12 inches and shf)w no evidence of ever having been 
attached to anything. They must have been wielded in the hand, and prob- 
ably were used for every imaginable i)urpose b)r which a heavy cutting 
instrument might serve, from cutting down a tree, or digging in the 
groimd, to killing an enemy. Other implements, such as scrapers, knife- 
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Hakes, or pointed iiisti'uments, were relati\ely I'are. A moderately warm 
climate is suggested liy the accompanying bones of two species of elephant, 
a rhinoceros, a cave-beai'. a cave-hyena, and a hi]jpopotamns. While none 
of these animals now live in Kurope, it is probable that the three species 
last named have left descendants in the form of the brown bear of Europe, 
and the hyena and hippo])otamus of Africa. The species of elephant and 
liiinoceros have left no descendants amon<>' li\in<i' animals, the existing 
species belonging to different lines of descent. The climate appears to 
have been comparatively mild and the time a])pears to have been that of 
tile second interglacial period. JNIan apparently lived chiefly in tlie open, 
in river valleys. Only implements occur; no parts of skeletons of human 
bfings have been found in these gi'avels so fai\ unless a lower jaw found in 
the ancient sands neai' Heidelberg, in (rermany, and part of a skull and 
lower jaw found in the gravels at Piltdown in Sussex, in England, lie of 
the same age. 

The lower ya^v found near Heidelberg is i'emarkal)le for its massix'e 
appearance and the com])lete alisence of a protruding chin: the teeth, how- 
e\ er, are distinctly human and the canine teeth are no more prominent than 
the adjoining teeth. 'IMiis jaw is sufficiently distinct from that of existing 
iiuman beings to suggest its reference to a distinct species. The Heidel- 
berg jaw was found associated with extinct species of ele])hant. rhinocei'os, 
and ca\'e-lion, and beneath beds containing blocks that had been trans- 
])orte(l b^' ice. Its age is I'egai'ded as somewhei'e in the earlier ]):n't of the 
(rlacial period, suggesting that in Eui'oi)e man may have made his a])pear- 
ance as early as the first interglacial period. In the Piltdown jaw, on the 
contrary, the canine teeth are much more ])rominent than in existing I'aces 
of man, and the jaw ])resents other animalistic characteristics. 

During the thii'd a(hance of the glacial ice sheet in Eni'ope. the two 
southei'u species of ele|)hant. the soutliei'ii rhinoceros and the hippopotamus 
disappeai'ed. A type of ele})hant called the hairy mammoth, on the eon- 
trai'y, became common, and tlie woolly I'hinoeeros and musk-ox, t\\'o cold- 
lo\ ing animals, were added to the list. The hairy mammoth and woolly 
rhinocei'os possessed thick coats of hair, a(lai)ted to cold climates. The de- 
scendants of tile men who had made the implements foimd in the I'iver 
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gravels apparently were (lri\en by iiiei'eased cold and dampness to seek 
shelter under overhanging cliffs and within caves. Appai'ently the use of 
clothing, cooked food, and household management of a veiy primitive type 
l)egan. The heavy, oval-shaped Hint implements were dis])laced by large 
Hakes with a sharper cutting edge. Flint scrapers, and lance points occur. 
The long bones of the horse, bison, and deer were used foi- implements. 

3Iore interesting, however, than the implements made by man, during 
this period of increasing cold, are the more or less well preserved skeletons, 
indicating his actual structure and size. So many of these skeletons liave 
been found in the rock sheltei's and caves that man of this age may be said 
to be well known. The forehead was low and I'etreating. The eyebrow 
ridges were very prominent. The chin was undeveloped, sk)ping backward. 
Possibly this cave-inhabiting type of man was a descendant of the type 
found in the gravel southeast of Heidelberg, but he certainly «as very dis- 
tinct from the types of men now living. In fact, there is no reason for be- 
lieving that living European races are descendants of these ancient cave 
dwellers. The origin of the living races is still a mystery, and may well 
have been some Asiatic source. 

With tlie advent of the foui'th advance of the glacial ice sheet, tlie rein- 
deer, horse, cave-lion, and Ii'ish elk make theii' appearance. The liaiiy 
mammoth, woolly rhinoceros, and cave-beai' still Hoiu'ished. Judging from 
his associates, the cave-lion must have lieen adapted to cold climates. The 
chief interest in this period of glacial advance, however, consists in the 
presence of skeletal remains of man evidently belonging to modern types. 
All of these possess a distinct chin. The most prevalent type, with narrow 
but high skulls, miglit have belonged to a modern European, Init skeletons 
of the Eskimo type and those of negroid character also occur. These hu- 
man remains occur chiefly in deposits representing tlie closing stages of 
the glacial ice age. During the retreat of the ice sheet, the climate became 
less cold and wet. The woolly i-hinoceros disappeared. Reindeer and horses 
became common and were used for food. The more modern animals, still 
living, became numerous. Flints were retained chiefly for knives, spear 
heads, and slingstones. Bones were used for chisels, awls, pins, and spear 
tips. Late)', bone needles came into use. Implements occasionally were 
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carved or engraved, and sufficient of tliese remain to indicate tlie prevalence 
of considerable artistic instinct, of a ]jriniiti\e type. Later, drawings in 
black, red, and l)r()\vii, witb cbarcoal, red-ocbre, and tbe oxide of man- 
ganese, made tlieir appeai'ance. 

Tbere is no evidence tbat man learned tlie use of tbe bow and arro\\- 
until after tlie close of tlie glacial epocb. In tbe course of time tbe ^Vrctic 
animals dlsa])peared from central Kui'ope. ("iider tbe ameliorating condi- 
ti(»ns of climate man made enormous advances in civilization. Tbe use of 
clay in tbe malxing of pottery was leai'ned. Agi-icultui'c made its appear- 
ance. ^Jodern man is tbe final result. 

f'li'i. The Existence of ?Ia)i in America Dii/iii^- (rldciKl Times- 

Since tbe Xortli Amei'ican continent was connected witb Asia l)y way 
of ^Vlaska during tbe glacial ice age, tbe achent of man in America during 
tbis time was |)ossible. As a matter of fact. bowe\'ei', no i-emains ba\e been 
(iisco\'ered in till or under undisturbed till deposits. une(|ui\'ocall\' detei'- 
mining tbe existence of man in Amei'ica (bu'ing tlie ice age, nor ba\'e tlie 
remains of man lieen found associated witb tbe bones of extinct animals, as 
in Kurope. Hence it is ])rol)able tbat man made liis appearance in ^Vmerica 
not earlier tban tlie closing!' stayes of tbe Ice ay'e. In Obio. Doctor Met/, 
found a cbip])ed pebble of some black rock of Canadian origin under 8 
feet of loess, at Madison\ille, 8 miles nortbeast of tbe center of C'incimiati, 
and a second cliip])ed implement, ."{O feet l)elow tbe surface, on tbe western 
side of tbe Miami i'i\er, at Lo\'eland, 10 miles noi'tbeast of ^ladison\ille. 
To Frank Lexei'ctt, an exijcrienced student of glacial pbenomena, tbe tvl- 
dence did not a])peai' conclusive in eitber case, and tbe same may be said 
witb rel'ei'ence to otber supposed e\ idences ol' tbe existence of man on tbe 
Amei'ican continent during tbe Ice age. Tbis, bo\\e\'er, does not ])re\eiit 
tbe possibility of sucb e\idenee a])])eariiig at any time \v\t\\ reference to 
otlier disco\eries of ])rcliistoric im])lenR'nts in America. It is desired bere 
merely to bring out tbe fact tbat certain students of glacial ])benomena are 
still ske|)tics r(_'gaMliiig tbe \abie ol' tbe e\idence |)reseiited so far. 

[ 138 ] 



GE()LO(;V OF DAYTOX AM) VK IMTV 

GilL. CliiiKitc During' (rhicidl and I iilcr^itici/il Times 

It lias been estiniateil that a loweriiiii' (if tlu' ax'ei'a^e annual teniperatui'e 
less than ten decrees would be sufficient to account I'nr tlie former wide- 
spread glacial conditions. Tiiis brings up the (piestion of climate. 

This question has been attacked recently by Sinnott and l>aikv from a 
peculiar angle, (|uoted w ith some modifications in the following lines. 

It is N\ell known that the [)ercentage of woody plants in ]-'juro|)e, north 
of the Alps, is considerably less than in the corresponding parts of North 
America. In North America the vegetation could migrate easily south- 
\\ard at the advance of the ice and return northward at its retreat. In 
northern Europe, on the other hand, the southward escape of the vegetation 
was blocked, and it was crowded against the Alps, the Pyrenees, and the 
^lediterranean, thus suffering heavily by extinction. The extermination 
nmst have been more pronounced among woody plants than among herbs, 
since the latter ai'e more able to withstand cold and otherwise ad\'erse con- 
ditions o\\'ing to the j)resence of undei'ground rontstocks and the abundant 
production of seed. The vegetation of northern Europe to-day seems, there- 
fore, to be descended directly from that I'emnant which was able to surviA'e 
in those ])arts of France, (xermany, and England which the glaciers ne\er 
reached. If the flora of northern I^iU'ope is indeed typically repi'esentati\"e 
of that which flourished near the ice fi'ont during glacial times, the propor- 
tion of woody forms within it affords a \aluable index as to climatic condi- 
tions during the height of the ice age. The facts seein to indicate that when 
the ice sheet had reached its greatest extent the country in its immediate 
front was neither a barren arctic tundra, as has sometimes Ix-en supposed, 
nor covered with a luxuriant temperate vegetation; but that the climate in 
general resembled that of the lower portions of the Alps or the Rockies 
to-day, being cold enough in winter to kill off all but the hardiest trees and 
shrubs, but not sufficiently cold to reduce the whole vegetation to the few- 
perennial hei'bs and stunted shi'ubs A^hicli are chai'acteristic of arctic re- 
gions to-day. 

Of eoiu'se, during the interglacial periods the climate presumably was 
warmer. Our knowledge of the life of the glaciated areas during the ice 
aare is very lariielv confined to such life as existed during interglacial 
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epochs, and hei'e tlie existence of large animals, svich as the elephant, mas- 
todon, megalonyx, and vai'ions types of deer suggest considerable vegeta- 
tion, and no extremes of cold even in winter. In fact, it is probable that 
during interglacial times tlie climate in areas as far south as Dayton may 
have been fidly as waini as at present. 
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( iati.- on snuttiL-rn Hiargiii oi large circU' funnint' part i,\ t Ik' Ak-xrinilLTs\ illc L^i-miK-t nc tartliw iirk. This gate furiiis 
one of a nuintier i>\ sncli inteiruiitions m iIk- CMnlinuit}- uf [Ir faith wall hirming the circle and is specially indi- 
cated on the acconipan>'ing niafi. 

CHAPTER X 

THE EARTHWORKS OF THE MOIM) lUTLDEKS 

ii7. Tlic Cic(nnci}'ic((l Kdrthiiiirl^s at AhwdudcrxviUc 

AMieii the Europeans tirst explored tliat pai't of North Ainei'ica which 
extends from Ohio to ^lissouri and \\"iseonsin they found numerous e^■i- 
dences of the former presence of inhal)itants wjio apparently had diftVrent 
hal)its and a different state of culture from the Indian tril)es still in exist- 
ence. Amony the most common of these e\idences were conical hurial 
moimds, often containing- implements unknown to li\iny tril)es. Hence 
these early inhahitants hecanie known as mound builders. The loni;- lapse 
of time since the existence of these mound l)uildei's was infiM'red fi'oni the 
fact that some of the ti'ees found yrow ini;- on these mounds wei'c found to 
contain so many i;rowth rin<^'s as to indicate an ag'e of se\eral hundred 
years. 
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In addition to the mound there were found also earthworks. Some of 
these consisted of earth-walls following the outlines of conspicuous hill tops, 
and evidently designed as forts. Such was the fort in the Calvary ceme- 
tery. In these forts there scarcely ever is any evidence of any attempt to 




Map of geoiiiftric earthwork at AlexainiM -v i)N , in^licating the parts wliicli still may be traced by closer set lines, 
and those which have disappeared by more disl.mth spaceil lines. The breaks at eqnal intervals in the larger circle 
locate the "gates." Similar g.-ites occurred at llie corners and middle of eaeii side of the square enelostue. The 
unfinished part of the squ.ire enclosure is at the s'jutln. I'li end. 
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adapt the existing topography to the purposes in view beyond the addition 
of the earth-wall and the oceasional use of a (hteh either immediately within 
the M-all or at some distanee hack of the wall. The inliabitants knew the use 
of the bow and arrow, the si)ear, and the stone ax. We have no clear notion 
of their methods of warfare or of defense. 
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Cut across cartli wall iurniiiig jiart (if the large circle in the Alexandersville earttiui.ik. This cut Is located at the 

fence east of the gate whiclt is specialh' marked on the aceom]ian\ing map. ami it 

serves to iuflicate the height of the wall. 

In addition to these hill forts there occur in some areas earth-wall en- 
closures of a more advanced type. These consist usually of enclosures hav- 
ing the forms of squares or circles. Occasionally the \\alls of the scpiares are 
.so bent at the middle as to ])roduce a figure intermediate bet\veen a scpiare 
and an octagon. In the drainage basin of the Scioto river these geometi'ic 
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earth-wall cnclosurts occur in groups consist iii^' tVe(|ucntly of at least one 
square and two circles, the latter usually ditt'erinn; in size. 

These geometrically constructed enclosures occur usually in the hi-oad 
flat valley bottoms. In the Miami valley only two ("Toups of this kind are 
known, and in neither ease was the group of enclosures finished. ^\])par- 
eiitly the tribe Imilding the enclosures in the Scioto drainage b;isin in\aded 
the Miami valley, hut were not able to maintain a foothold long enough to 
complete their earthworks. The tribes l)uil(ling the geometi'ically con- 
sti'ueted enclosures may ha\'e been more or less contemporaneous \\ith those 
building the hill forts, but apparently they were not identical. 

One of the two groups of only pai'tiallv completed enclosiu'cs occurs in 
Butler county. The other occurs in the vicinity of Alexandersville, a part 
being within the limits of the village. It lies within the flat lands forming 
the JNIiami valley between Dayton and ]Miamisburg. The distance from 
the ^Moraine farm and Delco Dell is two and a half miles southwestward. 

Unfortunately the greater part of the earth-walls are in a poor condi- 
tion of preservation. That part of the large circle which is preserved in 
the woods between the Big Four railroad track and the Hellbrook road, 
northeast of the center of the village, is in fairly good condition, the walls 
varying from 4- to .5 feet in height, and indicating the presence of several 
of the gates. The diameter of this circle was estimated at 1,9.50 feet. For- 
merly it reached the river bank on the north, but the western part never 
was completed. The square is located along the (xeljliart road, which leads 
directly south from the center of Alexanders\"ille. East of this road there 
is a farmhouse at the end of a long lane, and in the woods immediately 
south of the entrance to this lane is located as much as ever was built of the 
southern part of the western wall of the scpiare. The northern pai'ts of the 
same western wall may be traced less distinctly northward on the western 
side of the Gebhart road. The general direction of this wall is al)out 20 
degrees ^\'est of north. 

Only the eastern half of the southern wall ever was constructed, but 
even that part has been reduced by plowing to merely a low swell in the 
ground in the open field. The southern lialf of the east wall, south of the 
farmhouse, is distinctly defined, but the northern half of the east wall and 
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the eastern half oF tlie north wall ai'e \ery iiidistiiK-t and only a low swell 
indicates the i'ornier course of the western hall' of Ihe north wall. ()])en 
spaces or g'ates were present hoth at the angles and at the half-way jtoints 
aloi\t>' the sides. 'I'he scjuare oecn])ied an area of .'{l acres. The highest 
part of the wall was scarcely nioi'c than 4 feet in heii^ht. 

The smaller circle was located directly northwest of the northwestern 
angle of the s(iuare. Its diameter was estimated at 873 feet. Only the 
southern |)art of this circle may he traced in the field hetweoi the (ielihai't 
road and the lV\g Four railroad, south of the center of Alexandej'sA'ille. It 
never was completed on its northeastern side and the southern end for- 
merly extended across the railroad track westward and then curved north- 
ward in the tield hetween the railroad and the Cincinnati pike, connecting 
with a short sti'aiyht wall extending thronyh the center of AlexandersA'illc 
slightly east of noi'th, where it connected with a cui'\ed wall, ci'ossing the 
canal immediately north of the hridge at the Ohio Klectric traction station, 
of which only a trace may he seen in the open field north of the station. 

Years ago an old farmer hy the name of Einckley owned a part of 
this property east of Alexandersville and attempted to leave it in an excel- 
lent state of i)i'esei'\'ation to postei'ity. lie was the source oi' inspiration 
for many students of the so-called mound huilders" i-elics, who came from 
Dayton and many more distant localities to see his collection. At present 
his collection is gone and the earth-walls are no longei' regarded as sacred 
ground. 

O'S. The Irreguhir EartJircork (d the Calvari/ ('cnwtcri/ 

The irregidar earthworks found on the tops of hills apjjear to ha\e heen 
made hv a very different race of Indians than those who coirstructed the 
geometrical earthworks in the plains. In the vicinity of Dayton the old 
fort within the grounds of the Calvary cemetei'v was an excellent exami)le 
of such an irregular earthwork. In the case of these forts there rarely is 
anv evidence of any attempt to change the general topography of the land 
included witliin the fort. The earth-walls merely follow the existing sinu- 
osities of the land surface. They usually skirt the margins of the hill to])s 
and where o'ossing a gully ])lunge directly downwai'd and ascend on the 
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pposite side Avithout any evidence of tilling in any part of tlie land. If 
the earth-wall is aeeonipanied l)y anv ditchin<i\ tiie latter apjjears to have 
been conii)aratively shallow and always is located along tiie inner side of 
the wall instead of following the exterior. The ditch evidently was not 
expected to pro\'e ditHcult of crossing to the enemy, bnt off'ei'cd additional 
pn^tection to the defending foi'ce. 

In a pi'eceding chaptei' the original outline of this foi't is indicated. 
It is rapidly disappearing in the regrading operations of the cemetery au- 
thorities. 

Tile mound at the northern end of the fort contained not oidy se\eral 
skeletons of the mound buildei's, l)ut also some of their trinkets. Some of 
the latter were exhibited for a long time at the Public Library museum. 

no. The Midinisliurg Mound 

The tallest mound in the United States ocean's on the hill tops about a 
mile southeast of Miamisburg. Its height is about 80 feet and its top is 
about 98.5 feet abo\e sea level. \^diile a burial mound, as is true of most 
other mounds, it ai)])ai'ently served also as an obser\'ation and signal 
mound. Ap]jarently, most of these mounds were made by the tril)es which 
constructed the forts on the hill to})s. Not only do they ocein- most fre- 
quently near the to]) of high bluff's, but occasionally they arc incorporated 
as part of the fort, as is the case, for instance, ■with the mound at the north- 
ern end of the Cahai'v cemeterv fort. 
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CHAPTER XI 

GEXERAI. OBSKKVATIOXS OX THE GKAVEL AREAS 

SOI Til OF DAYTOX 



70. The Vicxc From Dcla, DcIl Xnrtliicard Along the 
Locust F((nn J'allcji 

The view from the Deeds cottage, at the iioi'thern end of the Delco Dell 
gTOunds, is one of the most charming in the area south of Dayton. X'orth- 
ward extends the flat Eocust farm valley, with the western slopes of tjie 
Highlands on the east and the southern end of the Eastview ridge on the 
left. A glimpse of Ridgeleigh Terrace is seen rising above the trees on the 
crest of the ridge. The Henger homestead lies in the immediate fore- 
ground and the Ivocust farm is seen in mid-distance. On the eastern side 
of tlie valley he the western slopes of the Highlands, consisting of a total 
tliickness of more than 200 feet of sands and gravels, of which oidy the up- 
per part rises above tlie \-alley level. The remainder of this sand and gra\el 
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section can be detected oidy I)y lKirin<)- wells, and the total amount of this 
deposit has not been determined w ith any dcuree of aeeni'aey. All of this 
sand and <>ra\el was deposited by rnnniny- water, e\ideritiy by streams is- 
suing- from the meltinj^' eontmental i;laeial iee sheet, since, in the absence 
of ice, no streams of any appreciabk- size could ha\e existed at sueli alti- 
tudes abo\e the neiobborino' \alley country. 

^lost of tile surface of the ground in the Hi<4'hlan(l area is so iiTe^ular 
that it is not possible to detect the direction of any of the former stream 
courses. It is probable that the sand and <4ra\'el deposits \\'ere made by 
continually shifting' streams at dift'erent stai>es of the reti'eat of the ice 
front. 31anyof the lobes of hill land project westward, fi'om the Highland 
area toward the Locust farm \alley, while the subgiacial streams on the 
^Moraine farm area, westward, and in the Hills and Dales area, northwai'd, 
had a southeasterly course. The deposits in the Highlands ])robably were 
made immediately in front of the ice margin, rather than in stream chan- 
nels beneath the ice. 

The gravel pit on the hillside nortlieast of the T.ocust farmhouse shows 
the arrangement of the gra\'els in hori/.ontal layers, due to their deposition 
bv running' water. Half a mile northeast ol' the f'ai-mhouse, at the south- 
ern margin of the Hills and Dales ai'ea, is seen the Hills and Dales Clul) 
house, northwest of which the crest of the Adirondack ridge may be traced 
as far as the woods at Round camp. Heyond this point the woods cover 
the western slopes of the ridge. This Adirondack I'idge marks the chan- 
nel of one of the streams flowing beneath the iee sheet during its final 
stage of melting away at the close of the glacial ice age. The buildings 
of the X". C. K. club can be recognized in the distance. Beyond this point, 
the Docust fai'm valley extends northwestwai'd between the Adirondack 
and Cincinnati pike ridges, connecting \v\ih the Miami \alk'y at C'ari'- 
monte. 

71. The Ijiciist Ftinn /iiid KohJ Branch J"(iUc/)s 

For the greater part of its length, the Locust farm \alley is remai'kal>ly 
Hat. At the Delco Dell station its ele\'atioii is about H4(» feet aboxe sea 
level, and this is the ele\ation of its margin foi- most of the distance north- 
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ward as far as the hill land north of the X. C. K. eliih grounds. Even at 
the entrance to the lane leading to the C'ahary cemetery, at the hend in 
the Cincinnati pike, the elevation, at the side of the valley, is still as liigli 
as 700 feet ahove sea level. South of the Strooj) load, east of the Delco 
Dell grounds, the Locust farm valley rises within a short distance to an 
elevation of 980 feet and then hecomes remarkahly flat again as far as the 
southern end of the David road, where its altitude is 1)00 feet. The watei- 
shed farther southward, separating the Locust farm valley from that oc- 
cupied hy the Kohl hranch of Holes creek, is less than 20 feet higher. 

The Kohl branch vallej' is much more irregular than the Locust farm 
valley, but it is similar in being bounded on the east by an ii'regulai' hill- 
front, forming a southern extension of the highland area, while on the 
western side there is evidence of subglacial stream deposits in the form of 
a gravel ridge extending through the wooded area south of the A"an Buren- 
^liami township line, along the western margin of the Schumacker farm. 
This Schumacker ridge is well defined oidy along the southwestern quarter 
of the farm. Xorthward, toward the township line, it merges into the more 
or less irregularly undulating hill land which characterizes the area along 
this part of the township line. 

An eastward continuation of the southern end of the Schumacker ridge 
would connect it with the hill land along the northeastern ])art of the Rahn 
farm. South of this point there is no e\-i(lence of the former ])resence of 
subglacial streams. At least no well defined gra^'el i-idges are known at 
present from this territory. 

7:2. The EastiTii and JVc-stcni Boundaries of the Muuni 
V(dle>i in Pre-Crlaeial Times 

In order to secnu-e an approximate idea as to the general appearance 
of the country before the advent of the glacial ice sheet it is necessary to 
imagine what the country would look like if all glacial deposits were re- 
moved. This implies the removal of all till and kame deposits: in other 
\\or(ls, of all clay, gravel, sand, and boulders brought in by the ice sheet 
or washed along by the streams flowing beneath the ice sheet or issuing 
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from the ice front. Tliis would lea\e only the original I'ock layers with 
.such i-enmants of the covering soil as locally might remain from th.e days 
preceding the ice age. ^Vs a mattei- of fact, there is no e\'idence at hand 
that any of this foi-mer soil still remains in ])lace anvwhei'e heneath the 
subse(|ucnt deposits of glacial matei'ial. Moreo\ci\ only few exjKisin'es of 
the original I'ock of this section of the countr\'. in the form of continuous 
layers of limestone, more oi- less interhedded with clay, are known A\itliin 
the area south of Dayton here under discussion, although, of coiu'se, these 
continuous hiycrs of limestone must he ])resent e\erywhei-e heneath the gla- 
cial deposits. The continuous layei's of limestone mercK' arc co\ ered up hy 
subse(|uent glacial deposits. 

limestone layers helonging to the n|)|)er part of the Kiclimond grou|). 
and full of I'ossils, formerly were e\i)ose(l in road-side (|uarrics where the 
Cincinnati |)ike lea\es the southern end of .Main street. ]^\])osures oc- 
curred also at lower le\els along the eastei'n end of the hhitf's, almost as 
far west as the Jewisli cemetery. Along the (lutwem ])ro|)erty, on the 
Cincinnati pike, this liichmond I'ock rises to an ele\'ation of S.)() feet ahi)\e 
sea le\el. and originally it occurred at still higliei' le\'els in the hills farther 
southward, in the adjacent parts oF Oakwood. 

^Vnothcr exposiu'e of the uppei' pai't of the Kichmond groui) of lime- 
stor}es occui's in the southern part of Oakwood, along a northei'u braiich 
oi' Meadow hro<ik, whei'c it is crossed 1)\' the Honk road, and thence foi' 
some distance u|; sti'eam. Ilei'e the ex|i()suri's, full of fossils, extend from 
8.30 to H7') feet al)o\e sea le\el. 

-South of ()ak\\(iod no (_x|)osnres of cuntimious limestone lax'ei's ai'e 
kiKiw n. I'oi- a distance of four and a lial t miles, miti I I lole s creek is reiicheil. 
Here limestone occurs along' the creek wlu're it is crosst.'(l h\- the Mad 
l{i\ei' pike, about three miles southeast of A lexanders\ille. 'I'his locality 
is less than a mile south of the hill lands recently ac(|uii'ed by Mr. Deeds 
and added to ridge |»ro|)(.'rt les extending from MoraiuL' farm and Di^'lco 
Dell soiithwai'd to Holes creek. Hi^'i-e the middle parts of the Kicbniond 
gronp are exjioscd along Hok's cre(.'k. west of the Mad l{i\i'i- pike, as fai' 
down as the T^O-foot le\el above sea. Southward from the bi'idge, u[) a 
small branch, the ex|)osnres continue to the S'JO-foot le\'el. and. no doubt. 
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the rock rises to still hi,i>luT levels beneath the ulaeial deposits still farther 
south. 

Southwest of Hole s creek no exposures of bedded limestone art- known 
until the area west of the Sprini^boi-o pike is ixvu'lied. Ilei'e limestone 
occurs aloni;' two ra\iiK's, the best exposures beini;' found about three-fifths 
of a mile west of the Sprmyboro pike, where a small sti'cam Hows north- 
ward towartl the flat lands surrounding' AlexandersN'ille. T'rom this point, 
as far south as l^'rauklin, ex[)osures are not infre(|ueut alon^' the hill fi'oiit 
forming' the eastern side of the Miami \'alley. A mai^niHccnt ex])osiire 
occurs alony the railroad track south of Miamisbur^', where the ]^i<^' Foui' 
railroad cuts throu^'h an angle of the hill. Hei'e the arran<>'ement of lime- 
stone in continuous layers, separated more or less by clay, is seen on a lar^'e 
scale. Fossils are common in some of the limestone layei's. and some can 
lie ^vashed out in perfect condition from the inter\euing clay. The ex- 
posures bel()Ui>' to the lower and middle parts of the Kichmoud i^'ronp. 

As far as may be determined fi'om the few ex])osin'es cited, the eastern 
margin of the ])i'e-ii'lacial \alley at jji'csent occupied by the Miami ri\er 
formerly extended as far east as a line drawn from the bluff's, cast of the 
.Te\\ish cemetery, southeast through ( )akwood to the Febanon pike. He- 
tween the O'Xeil and Stroo]) roads this eastern boundary must ha\e |)assed 
east of the pike since the well bored at the Doctor Scbeibeii/ail)er residence 
})assed through 180 I'eet ol' glacial clay <ir till without reaching the under- 
lying rock. L'rom this point the eastern margin of the \alle}' probably 
curbed southwestward, moi'e or less |)arallel to the ^hid Ki\er [)ike. as far 
as Hole's creek, and then more westward to the bill front south of West 
C'ai'rollton. 

On the western side of the Miami \'alley. I'ock exposures are seen along 
the Wdiite line street cai- tracks east of the Soldiers' Home. From this 
])oiut rock exposures are fre(|uent along the hill front southwestward as 
I'ar as a point a mile south of the Soldiers' Home, on the C'an-ollton pike. 
Exposures occur also along the Xarrows, where the hill land borders tbe 
3Fami ri\er. about a mile and a half northwest of the Moraine station on 
the Ohio Flectric railroad. The locality may be reached I'cadily by the 
river road following the westei'ii bank of the Miami ri\'er southwest of 
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Daytdn. Southwest of tliis point there are no exposures of rock luitil the 
hills west of 31iannsbur<4- ai'e reached. It is through this gaj) between the 
narrows and Aliamisburg that the INIianii valley of pre-glacial times may 
have passed. At any rate, tlie narrow part of tlie valley soutli of Miamis- 
burg, f)nly a little o\er half a mile in width, scarcely appears an adequate 




Map (if Utlcn ]>(.ll, >ll,L;t;(slillj^r iIk fornRT pr..SLIKL' nC ,i lmIIIiHUmUS rid^f WL^t 

Dt tlie Delco ridge. This furmcr ridgf is nnw intii ruiilcd l.i\- ga](S. Tllu fnniKr 

cnntinuation oi the ridge acrr.ss the g.ajis is indicated h_\- (.lotted lines. '»nl\' 

thr.se cuttages .and rithrr lanhiings whieli were I'mind useful in hie,\ling the 
\ariotis gaps and tr,iiis\ .. ise ridges are indieatei]. 

exit for the wide pi'e-glacial \alley extending from ^^"est C'arrollton north- 
ward beyond Dayton and ha\'ing a width for a considerable distance of 
nioi'e tlian two and a hall' miles. 

Xortb of Oakwood, tjn' eastern margin of tlie ])re-glacial \allev no^v 
occu]jie(l by the Miami ii\ci- is indicated by several outcrops. In regrading 
the land south of Irving axenue and east of the Schantz park, limestones 
belonging to the Kichmond gi'oup were exposed up to a le\el of 870 feet 
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above sea level. xVbout halt' a mile southeast (if the asylimi, east of tlie 
Beavertown pike, the Dayton linieslone formerly was worked in seveial 
(juavries between O-K) and OoO feet al)o\e sea level. Similar (juai'ries existed 
between half and three-tiiiai'ters oi' a mile noi'th of lielmont, and the un- 
derlying Kiehmoud strata are exposed in the ra\'ine northeast of Ohnier 
Park. Kiehmond limestones are exposed also along the Pennsyhania rail- 
road, south of Huffman hill, and at the northern end of the Ilulfman hill 
area, where the traction line to Springfield crosses the railroad track. 

73. The Delco Ddl Ridges 

The charm of the Delco Dell area consists chiefly in the numei'ous and 
extensive views across the open country toward the north and northwest. 
Broad, flat fields, bordered in the distance by steep hill fronts, characterize 
the landscape. Especially at evening, when the colors of the setting sun 
illuminate the sky, and the valley plains begin to darken, Delco Dell is a 
haven of rest. There are times in the day when the \iews across the eastern 
valley also are pleasing. To a geologist, however, the chief interest in the 
Delco Dell area consists in the presence of the steep narrow i idges and in- 
cluded hollows, to which reference has been made so fretjuently in the i)re- 
ceding pages. 

The western or Delco ridge has been used for most of the cottages. 
Here its ridge character is seen best directly west of the hollow which lies 
west of the entrance to the Delco Dell grounds. It becomes still moi'e 
conspicuous farther southward where it forms the western boundary of 
Sleepy hollow. The David ridge also is most conspicuous alojig the Sleepy 
hollow, of which it forms the eastern border. At the Tiorthern end of the 
Delco Dell grounds these ridges merge. 

One of the most interesting hollows enclosed by any of the gravel 
ridges south of Dayton is the Sleepy hollow, at the southern end of the 
Delco Dell grounds. Considering its depth and width and the steepness 
of its walls, it is remarkably large. Its bottom is flat and has accumulated 
considerable soil, so that the northern half has been used for a long time as 
a cornfield. This brings up the question, where did the soil come f rom ^ 
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Sleep}' hitlliiw, in th<: Delcn ])<ll ,;TMinlils, luMkniK imrtlieastw aril acrr.^ss tile I'lnweil lielij in the bottom 
towaril the l)a\i.| riilge, with |iart of the Ijelcn ridge showing on the left. 

Ill fact, where did any of the soil nii or between the gravel ridyes come 
from t 

7.i. The Orio-iu ,,f Sail 

'riiis (jnestioii of tlie origin of soil always is a matter of interest. ]Maiiy 
factors enter into the formation of a soil and a few of these may l)c eimiiier- 
ateil here in connection w itli the ])rohleiii at hand. 

In the areas soiitli of those formerly co\ered by the ice sheet, soil con- 
sists chiefly of tlic finer material left behind l»y the decay of the country 
]'ock. Ill a liiiR'stone coniitr\'. the soil consists of (leca\'ed limestone. In 
a sandstone coiintr\', the soil consists ol' decayed sandstone. In the 
[process of deca\' some of the inL;re(li<_'iits of the decayiiii^' rock may be re- 
mo\ed more or less in solution, but. in general, the chemical character of a 
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soil depends iipon tlie dieinieal ennstitiieiits of the I'oek IVoiii wliieli it was 
derixed. Soil is produced also 1)\- the aetion of stivaiiis. The urindin^' 
action of the rocks, pebbles, and sands against each othei' I'echices a pai't 
of the niaterial to a Hue silt \vliich may be left, at times of IVeshets, on the 
neighboring' Hood ])lains. Jn the ease of silts, the chemical constituents 
consist of a mixture of all tlu' materials i-esultiiii;' from the griiidini;' up of 
all of the rocks re})resented along the stream channel. 

In areas formerly coxered by glaciei's, soils visually consist chicHy of the 
material I'esulting from the grinding up of the I'ock by the mo\ing ice, or 
of the sand and silt carried by the glacial streams. It is (juite exident that 
the till or clay included within the lower pai't of the ice sheet must consist 
t)f a mixture of all the rock over xvhich tlie ice sheet ])assed, or at least of 
all the rock with which it came into suttieientlv forcible contact to exert a 
grinding action. Hence, glaciated countries usually present soils I'ich in 
all desirable mineral ingredients, and, provided the physical texture of 
these soils is satisfactory, such soils usually are very fei'tile. Their physical 
texture is likely to be best where the clay is moi'e or less mixed with sand, as 
in the great outwash plains in front of the moraines. 

7-7. The Accinniildthni of Soil 

Frequently several inches of soil coxer a graxel hill or ])lain like a thin 
mantle. In this case tlie soil may lepresent a later deposit than the gravel 
but frequently it consists merely of the Hner particles of clay and sand, 
originally a part of the underlying gravel, but brought to tlie surface latei- 
by biuTOwing insects, grul)s, earthworms, and otlier creatiu'es. An ant hill 
is an excellent example of Hnei- material Itronght up from below the surface 
of the soil, frecjucTitly from a depth of 6 to 8 inches or even more. The 
coarser material is left l)ehind and gradually settles into the spaces left lie- 
hind l)y the removal of the Hner matei'ial xvhich has l)een carried u])war(L 

ATost of the soil covering the gravel ridges south of Dayton probably 
was formed by the metliod last discussed; it represents the labors of myr- 
iads of liurrowing animals of all kinds, liringing u]) the Hner ])artieles of 
clay and sand from among the gravel deposits l)eneath. .Along the tops 
and sides of the gi'axel ridges, the clay ingredients often are moderate in 
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hollnws between the Pike and Chapel ridges, and is located we^t nt the Xnllnian house. Part 
of the water evaporates and part soaks into the gravels beneath. ( )nly during rainy weather 
is the water supply sufficient tn keep it coniparaTi\-eI\' fresh. 



quaiititv. so that tlie coverini^' soils here often are very loose and are readily 
waslied away after the protective co\erin<^-, consistiiio- of tlie matted roots 
of grass and other plants, has l)een removed. 

In the hollows hetween the gravel ridges the elay ingredients usnally 
are greater. The finer ingredients prohaldy are washed down the sides of 
the gravel I'idges in snthcient (jnantities dui'ing rains to produce thicker 
soils here. In most of the hollows among the gravel ridges the soil does 
not contain sutHcient clay to hold water readily, so that even after a heavy 
rain tliere ai'c no ponds. In a few of the hollows, there is sutlicient clay to 
pei'mit the formation of ponds which usually, ho\ve\er, hecome dry during 
the summer. Only a few ponds are known within the gravel ridge area 
which last practically all year. Two of these ponds foi'merly existed in the 
ai'ca west of the Cincinnati pike, hut at present they hecome vei'y stagnant 
oi- dry up during summer. 

\Ylien it is realized that these jxmds owe theii' existence to the imper- 
vious clay, heneath, holding hack ordinary rain watei'. it will he seen that 
the (juickest wa\' to drain such a pond is to hegiii to dig in it, in the delu- 
sion that underground sitrings may he o])ened u\). 
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Along the lower parts of the hollows, the soils often are i'a\-orahle for 
cultivation. The northern half of Sleepy hollow, in the Deleo Dell ai'ea, 
represents such an area, and the Old Oix-hard hollow, east of Moi-aine eani]), 
is another. The sides and to])s of the <^'i'avel ridges, howe\'ei', suffer enor- 
mously from wash after plowing, and it would he for the hest interests of 
the country if all of this gravel ridge land were remo\ed from the ai'ea of 
cultivation. It will he a continual source of reAenue onlv under two condi- 
tions: when covered with gi'ass and used for pasturage, or when covered 
-with trees and used for forestry. 

7G. The Interrupted llidi^r, West o/ the Deleo Kidge 

In the Deleo Dell area, two ridges stand out prominently among all 
those present. These are the Deleo and David ridges. These ridges are 
separated hy the Deleo Dell and Sleepy hollows. The David ridge is 
steepest and hest defined east of the Sleepy hollow. From its crest excel- 
lent views are to he had of the territory eastward and of the deep and long- 
hollow westward. At two points, small gravel pits expose the arrange- 
ment of the sand and gra\'el in layers, an e^idenee that the ridges \\ere 
formed hy the action of rmming water. 'I'he Deleo I'idge is more inter- 
esting on account of the more \aried character of the A'iews toward the 
west. This A'aried chai'actei' depends in large [)art on the ])resence of a 
series of short spurs extending westward from the Deleo ridge. ^Vhen 
these spin's are examined closely it will he seen that they tei'minate in parts 
more or less in alignment, as though parts of a formerly continuous gravel 
ridge, at present more or less interrupted l)y conspicuous gaps. For in- 
stance, west of the Kettering cottage, in the Deleo Dell grounds, the spur 
is continued northward as a narrow ridge tei'minating in the flat fields, 
while southward it ends within a short distance ahruptly at a gravel pit. 
By the way, in this gravel pit were found limestone pehbles containing 
fossils indicating that the pehbles consisted of Columbus limestone, ])rob- 
ably derived, however, from ex])osures of this rock on the eastern shore of 
Lake Huron, in southern Ontario. Map on page 1.5(). 

The Chryst cottage stands on the crest of another western spur of the 
Deleo ridge, hut at its end it continues northward toward the gravel pit. 
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\"uw "i tlie pajp in the t'rti]miitl\ inUrrnptril ridge west nj tile lleien riilye, as seen front a peiint Uetweett tlie 
I\inipf ami J^\inkll.jnsei- cotttiges. In tlie Kia\ei pit nn tlie riyljt w l rt rminil pelililes oi Canadian liniestdne witll 
fossils inilieatm.L; tliat tjiis limestone came front tlie norttierti eNtettsiiol -if the I 'ilnmbns limestone of (tlii.i. 



a narrow gap iiitcrxt'iiing. This gap is seen best from any point of \ie\v 
l)et\veen the Knopf and Fnnkhouser cottages. Farther south, the Unthen- 
hurg cottage occu])ies the ci'est of another spur, and still fai'thei' south, at 
the southei'u end of the Hig cur\e in the roadway, a ridge starts oft' in a 
southwest dii-ection from the bachelor's cottage, and is more or less in line 
witJi the end of a s|)ur still farther south. The terminal parts of all of 
these s]nu's are sufHcientK' in line to suggest that they all may once ha\e 
foi'med })ai'ts of a continuous ridge. This continuous ridge a])parently 
was connecte<l ^\■ith the Delco ridge liy numerous transAcrse ridges, rep- 
I'esenting short connecting drainage channels ln'tween the main noi'th and 
soutli suhgiacial streams. In this case, the presein'c of the \arious ga])s. 
interrujjting the supposedly once continuous ridge, re(|uire ex[)lanation. 
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Before atteni])tin^' an explanation for these ^'a|)s it may be well to eall 
attention to similar ;!4'a])s alon<;' the hill front extending' from the (ji'and 
A'iew farm southward to\\ar(l Holes t'i'eek. ( )ne of these ,L;a|)s oeeni's at 
the eastern margin of the Knn'iek farm, about a (juarter of a mile south of 
the A"an Buren township) line, but the most strikintr exani])le oeeni's imme- 
diately north of this line. Here a deep and nari'ow \'alley descends north- 
\\est\\ard and then opeirs throui^h a i^aj) in a moi'e westerly dii'eetion into 
the tlat plains beyond. At this nap the Aalley euts thi-ough a steep I'idf^e, 
readily followed southward, while northward lies the hinh rid^e land form- 
ing the eastern edge of the Hradstreet I'arui. 'I'lie s[)ui's from the western 
edge of the Sunset ridge, noi'thwest of Moraine eamp, include toward the 
north a somewhat similar gap, but less evidently connected with the foi'uier 
])i'esence of long gra\"el ridges, later almost entirely remoxed. 

As a possible explanation of the \arious gaps hei'e mentioned the fol- 
lo\\ing explanation is offered as at least possible-. It is assumed that for- 
merly the moi'e oi' less continuous gi'awl ridges co\ered a lai'ger territory 
than at present, especially immediately west of theii- present area of (bstri- 
bution. This is s\iggested l)y the abru])t termination of a part of the gi'ax'cl 
ridge area west of the Cincinnati pike at its southern end, along the O'Xeil 
road: also b\- the abrupt beginning of some of the gi'a\el I'idges along the 
N'ariovis hill fi'onts south of the Stroop i-oad. 

At the time of melting back of the fi-out of the glacial ice sheet, tlie 
melting may have been sufficiently rapid to have tilled some of the de])res- 
sions between the gravel ridges and to ha\e caused temporary outflows of 
the impended waters, laterally, across the ])oints of lowest elevation pre- 
sented along the crests of the ridges. These points of outflow later deep- 
ened and widened into gaps. 

For instance, the watershed between the Locust farm and Kohl bi'anch 
\allevs, noi'theast and southeast of Deleo Dell, at its lowest point is about 
DIG feet above sea level. See pages 'JO-t, 20.5. If. when the ice front had 
melted Inick about as far as the Moraine farm, north of the Sti'oop road, 
some part of the ridge then eoimecting the southern end oi' the East \'iew 
I'idffe with the northern end of the Deico ridge had a lower elevation than 
;•]() feet, an outHow of the imponded watei's woidd have Ijcen started at 
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tliis ])(iint lit' lowci' elevation and e\'entnallv might lia\'e led to the foi'niatjdii 
of the gap along the j)i-esent Stroop road. xVt ])re.sent this gap has heen 
cut down to fully 100 feet helow the erest of the highest parts of the I'idges 
iiiiniediately north and south. 

The higliest part of the watershed hetween the Stroop creek drainage 
and the watei's flowing noi'thward towai'd the stream crossing the CUtv- 
ei'noi- Cox farm does not rise above the 8.50-foot level. Any waters im- 
])on(led in the lower i)art of the Locust farm valley hy a glacial ice front. 
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M,i|i r,t !).-lr,, I), 11 riiMJ .\f.jT-.-iitn^ rarni, suggesting thai tli.j gap ihrnugh the riilge area at Str<Mip niad was caused h\ 
\\'aters ini(ii>n.ieil ea^t nf lln ridges evertluwing at a [mint \\ luTe tine crest n f the ridge area was lnwest. The 
fiU'nier eonnectinn nf Ihe ridge areas nnrlh and suuth nf llu/ gap is indicated h) hrnken lines. The ccnltour hnes. 
S4II and yOlJ feet almvc- sea level, are sheuii. Since llic gr.inl ridges arc liclicNed tn have heen I'erined xvithm a 
ver>- hrief inter\al nt time, the suiijii^sed lake e.in tint U.wv \u en ''i Inng diiraliiai, 

which ha<l reti'cated to a |)oint north of the () Neil I'oad, would ha\c found 
an exit wcstwai'd through the Cox farm if an\' part of the grax'el I'idge liere 
had at tliat time a lower ek'\ation than S.IO feet. ^Vt present, tlie l)ase of 
the ga]) hei'e stands at the 78()-foot le\(.'l. and only the higliest pai't of the 
graxel hill immediately north of the hi'ook on the (.'ox farm attains an alti- 
tude of 840 feet, so that it is not uidikeiy that in glacial times waters im- 
])on(led northeast of the Moraine farm ridges may have fouiul an exit 
across the northern jnirt of the Cox farm. 

l'ossil)l\' the ga]) through the Pike ridge, west of the Cincinnati pike. 
alon<>' the Xolhnan lane, had a similar origin. 



[ Ki^l 



GEOLOtiY OF DAMON AND VRJNITY 

It should be iidted, however, thai no washes of sands and uru'.els are 
noted at tlie outlets of tliese ^^aps of siiHieienI ])ro|)ortions to aeeoiint for 
the material supposed to lune been reiiio\'e(l al tliese f^aps. Possibly some 
of the meanders of the JNliami river, when it skirted tjie foot of the j4'i-a\'el 
ridge area aloni>- the eastern margin oj' the iViexanders\'ille flat lands, jnay 
aecount for this laek of eorroborati\e evidenee. 







Map of Locust valle\' area, suggesting that tlie gaj) through tlie ruigc area on tlie lio\ernor Cox farm was causCii 
by waters iiupomled east of tfre ridges overflowing at a p.jint where tlie crest of the ridge area was less than S4U 
feet aliove sea le\'el. The gap here was distinctly Inwer than at the Stnjnji road. The former connection of the 
ridge areas across the gap is indicated by broken lines. A part of the land c<j\ered liy the earlier lake, along the 
Stroop road, is represented as forming marshy ground. This is merely imaginary. 

77. Differences in tlie Direction of Trend of tlie Gravel Ridges 
in the Area South of Dai/ton 

One of the mo.st interesting features connected with the gravel ridges 
,south of Dayton is their change in direction. For instance, .south of the 
Van Buren town.ship line the general trend of the gravel ridges is aliout 
30 degrees east of south. This trend is seen best along the Schumaeker 
and Walden ridges, southward, and along the western hill margin, where 
several minor gravel ridges may be detected. An isolated barn stands on 
the crest of the ^Valden ridge, in the midst of oi)en fields, and the broad 
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\alley between tlie SeliiiiiKieker and Waldeii i-i(lt>es ti'ends in a similar 
southeasterly direeticin, as I'ai- as the Kalm road. 

North of the Yau Huren township line, as far as tlie eotta^'es in the 
Deleo Dell area, the eastei'ii ridgx-s jia\e a soutiiwesterly trend. Between 
tile Stroop i-oad and tlie O'Xeil road, their trend is approximately 30 de- 
yi'ees east of south. X'oi'th of the O'Xeil road, in the area west of the Cin- 
cinnati ])ike, their trend is almost directly south. In the Hills and Dales 
area, the trend of the Adirondack ridye is ahout 4.) degrees east of south, 
while that of the Panorama ridi^'e is almost the same as fai- south as Fair 
Forest, beyond which the trend becomes more southerly. Takiui^' the re- 
gion as a whole, the treiuls e\'identlv are cliietlv southei'lv and southeast- 
\\ard. The southerly directions are moi'e nearly pai'allel to the <4'eneral 
trend of the Miami \ alley in the immediate neiL>hl)orliood. and the south- 
easterly directions are ap|)roximately i)arallel to the ii'enei'al direction of 
motion of the ice sheet, as indicated \iy the i>'lacial striio on the upper sur- 
face of the nearest exposures of solid rock. 

At the C'enter\ille (|uarry, five miles southeast of the Delco Dell, the 
direction of these sti'ia' is 47 de^'rees east of south. A\ the aliandoned lime- 
stone quarries west of Heaxertown, three miles noi'theast of Delco F)ell, 
tlieii' direction is '27 de<>i'ees east of south. Half a mile south of the Sol- 
diers' Home l; rounds, their direction is 8.5 deyrees east of south. From 
this it mav be seen that those <^ravel I'idges which lia\e a more southeasterly 
course ha\ e a trend apju'oximately paT'allel to the former direction of motion 
of the <ilacial ice sheet, at least dui'iny the closiny stages of motion of the 
ice, at the time of reti'cat of the ice front. Howexer, it is chiefly durinu 
this time of reti'eat, when the ice was most stai;'nant, that the n'raxel ridges 
ai'e beliexed to lia\e been formed. 

7-S'. The TcnniiKilidii of tlic Sniillnrn End nf Sinnc (iravcl 

Tiie graxcl ridges ai'e regarded as (lei)osits formed by streams running 
in cliannels l)eneath the ice sheet. There are two features connected with 
these gra\el i-idges which demand ex|)lanation: one of these is the termina- 
tion of some of these I'idges southward against an area of high land, and 
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Thf ga|) tbroiij,'h tlie gravel ridKe area at the leivernur- t'nx farm. Tile ni>rtliern enil i.)f tile ridge nn tile sntitliern 
side of the gap is userl as a gra\'el (at. The ^iiKert alnng the ("ineiiinati pike, errissiiig the stream, is seen iierth nf 
the house. The high hill on the left sirle of the \iew is sii|i[inseil t'l ha\e tieeii eimneeteii formerly with the ridge 
.111 the right. 



the other is the presence of several ridges in the same area extending,)- aj)- 
proximately parallel to each other for long distances. 

The first feature is well represented hy the Adirondack and Panorama 
ridges, which trend southeastward and terminate in the high hill area in 
the southeastern part of the hills and dales. In a similar manner, the Cxrand 
View farm and Delco 13ell ridges terminate southward in a high area ex- 
tending along the Xau Euren-Washington township lines. It is probable 
that the AValden and Schumacker ridges formerly extended southeastward 
across the present Rahn valley and connected with the high land south- 
eastward. All of these occurrences suggest that the subglacial streams to- 
ward their ])oints of exit from beneath the glacial ice built up their deposits 
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\'r\v <jf the wtstcTii si<lcs nt" tile Chapel ami I'ike liilk'e^, taken from the nortllwest. The 
house in the immediate foregroumi is tile lioine of ilr. Sauernian. 



until tlie liottoms of the stream ehainiels I'ose to near tlie present level of 
the adjacent hill country. The high land would act as a liarrier, checking 
the violence of the stream How and favoring rapid deposition, until the 
stream hed was lifted to ahout the same level as the hill land. 

In fact, it is prohahle tliat the gra\'el ridges were formed within a Aery 
short interval of time. It seems scarcely likely that even suhglacial streams 
would long continue to How on tops of stcc])ly inclined gravel deposits, 
when 1)V melting tlie horderiug ice walls they could descend to lower levels. 
The liiglier and steepei' tlie gravel ridge, the more likely it is to jiave heen 
formed within a short pei'iod of time. 

711. The Presence af PaniUel Ridi^es fVitliin the Same Areas 

It is ])(issihle tiiat the ])ai'allelism among the various gravel ridges may 
l>e due to large ci'e\ices ])roduced hy shearing in the glacial ice. It may 
Ix; noted that tlie dii'ection of motion of the a'lacial ice near the closing 
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stages of the last glacial invasion, was ai)])roxii)iatcly ."}() degires east of 
south in the area here under diseussiou, while the hill front along the J aI)- 
auon pike, against which the ice was thrust, had a diieclion approximately 
north and south. Hence thei'e would be a tendency for the ice to he held 
back at relatively more northern points along the hill front, and to move 
ahead along relatively more southern points. This should ])i'oduce sliear- 
ing planes parallel approximately to tlie direction of motion of the ice. 
The more prominent of these shearing planes might de\elop, vmder the in- 
liuence of subglacial waters, into crevices of sufficient size to permit the 
floNv of fairly large-sized streams. 

This widening of shearing planes into wide subglacial channels would 
be favored by a nearly stagnant condition of the ice sheet. An ice sheet 
moving forward with any degree of speed woidd tend to close up any crev- 
ices existing in the ice, so that if shearing planes should develop into 
crevices, these crevices would be likely to remain open only for short periods 
of time. 

80. Changes in Direction of the Grtrcel Bidges Prohahl// Caused 

hji Changes in Direetion of Fhnc of tiie lee Dnriiig 

Its Varions Stages of Retreat 

Diff"erent groups of gravel ridges may have foi'med at different times. 
For instance, the soutlieasterly trending ridges extending from the south- 
ern margin of Van Buren township to the hill land south of the Rahn val- 
ley may be among those earliest formed. Their direction is well defined 
onl}' along their southern terminations. As the ice front melted back, the 
more southerly directed I'idges in the Delco Dell area and on the Grand 
^^iew farm may have been added, possibly during a more stagnant con- 
dition of the ice. Next, the more southeasterly directed ridges between the 
iNIoraine farm and the O'Neil road may have been formed, and finallv the 
numerous more southerly directed ridges west of the Cincinnati pike mav 
have been built up. Tlie iVdirondack and Panoi-ama ridges, in the Hills 
and Dales area, may have been more or less contemporaneous in origin 
with the ridges ])etween the ^loraine farm and tlie O'Neil road. 
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\'ie\v <-•( stream east of CarrnK.mtc, Idoking cast tnwar'l lh<_- liigli ^;nnin<i m < >ak\\ rnnl. Xote tlie ox-bow bends, atul 
the effect ut the wandering iif the stream in pmiluciny nii.re nr less liatLened tcrritnry. Sijiiiething similar to this 
ma}' ba\'<:- happened on a nuich largi.r scale in case of the Miami river \allLy. The ib-cj'est part of tlie channel in 
tile immei.liate foreground is on the K'ft, where the stream is cutting intn the hillside. <mi tlu; convex side of the 
ciir\"ature. <.>n the cjncaxe side of this channel the gra\e] v\as)ied along liy the stream fr^mi jnjints farther np its 
c<nn-se is deposited. Photographed m 18'J5, during a linu when the stream had dried up. 



Ill tliat case, it is possible to regard tlie eoiifused area of hill land ex- 
tending" for fully a third of a mile north and for nearly the same distance 
south of the Van Buren-Washington township line as due to the over- 
riding of glacial ice, with southerly directed stream channels, over a terri- 
tory already covered with soutlieasterly directed gra\el deposits or gravel 
ridges. Apparently the ice tVont stood at tiiis ])oint long enough to permit 
of a thickei' and more widely distributed series of deposits than elsewhere 
in this immediate neighborhood. Hence the Yan Hureii-Wasliington town- 
ship line marks tlie position of the watershed between the Locust Farm 
valley northward and the .Schumacker farm valley southward. 

This explanation regards the change in direction of the gravel ridges 
as connected witli successive stages in the retreat of the ice front. It is not 
impossible, howexer, that the entire series of crcxices over its total length of 
four and a half miles, may ha\e l)een in existence at the same time so that 
all the deposits along the line of the present gra\el ridges were going on 
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.siinultane(ni.sly. 'I'licir is no irason for hclicx iiiLj that slicaiiiii^' could not 
produce a series of soutlieastei'ly dii'ectcd ci'exices and of moi'e soutlicrly 
tlirected cre\iccs in the same "general area at the same time. 

Only in case tlie deposits \\eri_' maik' \\'ithin a \ery short inter\al of time, 
however. couUl numerous a[)pi'oximately ])arallel suh^lacial channels he 
expected w ithin the same area. (ri\en, lio\\'e\er. an ahundance of i-ock' and 
sand, the accumuhitions of many years of transpoi-tation 1)\- glacial ice. and 
a sutticiently rapid flow of an ahundance of water, and all of the <4'ra\el 
rido'cs south of Dayton could he l)uilt u]) in a vei'v short time. 

These ii'ravel I'id^es are uot moraines in tlie sense that they ha\'e heen 
deposited directly by the i>lacial ice, liut they un(iuestionahly consist to 
a large extent of actual morainal material reworked hy I'unuing suhglacial 
\\aters at the immediately ice front. In that sense of the tei'm, these gra\el 
ridges mark tlie terminal moi'ainal ai'ea of one of the stages of retreat of 
the Wisconsin ice sheet. In other woi'ds. they form a local feature of the 
Crermantown division of the Dayton moraine. 

'S'/. The U'cstci'ii (rriivcl Ei(I;j,f.s in I lie Area Bctii.-ccii 
Dcico Dell find Hide's Creeh- 

The two most conspicuous gra\el ridges in the southern [)art of the 
area north of Holes creek are the Schumacker and W'alden ridges. The 
Selnmiacker ridge is wooded, hut most of the \\'alden ridge is fully ex- 
posed ill the open fields. A deep broad \alley separates these ridges south- 
ward, but nortliward, along the high ground, the ridges are onlv indis- 
tinctly defined. The Schumacker ridge may lie traced as far as the eastern 
side of the gully on the old Kby farm, directly north of the line between 
\ai\ Biu'en and ^Vashington townships. A parallel and much more con- 
spicuous ridge forms the western side of this gully and is interrupted by a 
gap near the northeastern corner of the Emerick farm. The gap may be 
reached readily by following the Delco ridge southward thro\igh the woods 
as far as the open fields and then crossing the latter straight westward 
to the high ridge forming the western ])oundary of the high gravel area. 
The gap is located a short distance north of the farm road crossing this 
ridge. 
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Near tlic old al)aii(l<)iic(l barn on tlic top of the \Val(len ridge the latter 
(h\'ides into two branches southward. Xortiiward this ridge may Ije traced 
to the big gap east of the farmhouses on tlie Emrick farm. Plei'e it forms 
the higli hind along tlie fence forming the eastern ])oundary of the farm. 
See pages "iO-t, '20.5. 

The Enn'ick ridge, farther westward, extends from the P^nnnck farm 
liouses southeastward in a (hi'ection ])arallel to the \Yalden ridge. It is an 
excellent ilhisti'ation of an interrupted ridge, but on a nmch larger scale 
than the intei-rupted ridge in the western part of tlie Delco Dell grounds. 
It is intersected by mmiei'ous gaps and in the area directly \\est of the old 
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Tlic snLUlierri tnj i.f tliL kaine area west uf the Cincinnati (nke, as seen from the Ohio Eleetric railrijad siaithwcst 

lit the taovernor Cox farm. Tlie most eastern hiil, on the rii^ht, is the southern end of the Pike ridge, at the sub- 

jiower station. View t.aken across the that lands of the IVIiaiiii. The southern end of these more w-estern ridges 
appears to have l.ieen cut otf liy a fi>riner nx-bo\v bend of the Miami river. 

al)andoned barn on the Walden ridge it is intersected by the conspicuous 
washed gidlv wliicli is one of the l)est illustrations of the danger of re- 
moving the protective covei'ing of grass and shrubs from a steep hill side. 
Tiiis washed gullv lies south of the road leading northeastward up the hill- 
side from the Walden homestead. ^Vest of the .southern end of this inter- 
rupted Emrick ridge se\'eral additional small gravel ridges may be seen. 
All of these I'idgcs have a southeasterly and approximately ])araliel direc- 
tion. While much less shai'ply defined, as a rule, than the ridges farther 
ntjrthward, es])ecially tliose west of the (."incinnati pike, they evidently had 
the same origin, and prove the formei- ])resence here of sul)glacial streams. 
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.s'.^ The O.v-lhnc Bcuds of the Miami Hirer 

One of the most conspinious ox-how hciids of tlie Miami v'wtv is jjre- 
sented hy tlie old river ehaimel north of the hhifl's hetween Oakwood and 
the western martj-in of the C'alvai'y cemetei'v. J I is prol)ahle tliat tlie •^■raxel 
ridges west of the C'ineinnati pii^e onee extended farthei- noi'thwai'd, into 
the broad Miami \alley, hnt in that ease the nortliern ends of these ridges 
evidently were removed hy the wash of the I'iver. 

Possibly the al)nipt tei-mination of the more western gravel ridges, 
west of the Cineinnati pike, north of the O'Neil road, may liave been due 
to a similar ox-bow bend of the river toward the close of the glaeial period. 
Apparently this ox-bow bend trnncated not only the southern ends of the 
more western gravel ridges north of the O'Xeil road. l)vit also the northern 
ends of the ridges on the Grand ^"iew farm. It can not be said that the 
evidence of such a former ox-bow bend in the Miami river is at all clear, 
but its presence is suggested by the genei'al contour of the \\estei'n margin 
of the gravel ridge area, where it adjoins the flat bottom lands of the 
]Miami valley. 

Evidently the JNIiami river has been a great traveler. X'orthwest of 
Oakwood it carved o>it a path considerably toward the east of a direct chan- 
nel and at the I'innacles it follows a ])ath eonsiderablv west of a direct line. 
Evidently these ox-bows are of much more recent date than the hypothet- 
ical one south of the OX'eil road. 



[ 173 ] 




Tlie S'.i lit lu\- (.stern margin oi the gravel ri'Ue rirca, \ ic-w c"! fn ni tlu' lit 11 in' ink mad. The a])an(!i>n';il liarn nn rhc 
tnp of the \^'al^icn ridge is seen a1 tlie extreme right. The gap ihrtmgh the western ridges east of the Knirick farni- 
htinses is hieated at the extrLine left. 



CHAPTER XII 

THE THICKXESS OF THE DRIFT DEPOSFrS IX THE 
xVKEA SlKROrXDEXC; DA^'TOX 

.v.>. Solid Eock licucdtli a Thin Covering of Soil 

Some parts of ^lontgoiiiery county arc remarkal)]e for the frecjuciicy 
witli A\hieli solid rock is exposed l)eneat]i a \'ery thin covering- of soik 

For instance, in the area extending from a mile sonth of the Sokliers' 
Home northwestward toward Ti'otwood and Amity the rock frecjoently is 
covered h\ only 2 to 5 feet of soil. xVlong the stream com'ses. and along 
the hrows of the hills, exposnres of rock are frequent. The exjjosnres con- 
sist chiefly of the Brassfield limestone, and of the ovei-lying divisions of 
Sihu'ian limestone. The Springfield limestone frecpiently is exposed in 
(piarries o])ened for l)ni]ding stone. Here nsually less than .5 feet of soil is 
removed in order to get at the solid rock. 
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Kven ill thosL' ])arts of the CdUiitry in which the rock docs not appear 
at tlic surface, sohd rock may l)c ])rcsent within a sliort distance from the 
top of tlie soiL For instance, in tlie area cxtencHng from Amity westward, 
through Pyrmont, to the western border of ^lontgomery county, no rock 
exposures are known, but rock is struck at a moderate depth in wells, and 
several quarries formerly A\X're in operation. Two miles west of Amity, 
in the middle of section 15, rock was struck in a well within G feet of the 
top of the soil, and a (juarry formerly was in operation south of the road. 
Three-quarters of a mile westward, another (|uarry formerly existed, and 
a third quarry was located south of the road, a mile east of Pyrmont, along 
a stream channel. From Pyrmont southwestu'ard there is a rather thick 
deposit of soil and of glacial deposits covering the rock, wells 30 to .50 feet 
deep not reaching the same, but a mile north of the Dayton-Eaton pike, 
on the ^Montgomery county line, tlie Brassfield limestone is exposed in the 
creek bed. The (piarries between Amity and Pyrmont were opened up in 
rock Itelonging to the Springfield or overlying divisions of the Silurian 
limestones. 

Kock lies close to the surface of the soil also in the area west of the 
Stillwater river, Itet^veen Engiewood, AVest Milton, and Ludlow Falls, 
and from Engiewood eastward toward C'hambersburg. It lies close be- 
neath the surface also west of the Miami river, at various localities on the 
high ground l)et\\'een Tadmore, Tippecanoe, and C'o\\'les\'ille. It is co\'- 
ered by a comparatively thin layer of soil also east of tlie Miami river, from 
a point 2 miles north of West Charleston southward for 7 miles, and thence 
eastward toward Brown station. Hrandt, and ITuft'eysville. 

About a mile north of Belmont, southeast of Dayton, the solitl rock is 
close to the sm'face of the soik but in the (piarries formerly operated south- 
east of the asylum and at Ik-avertown it was covered liy alxnit 20 feet of 
sand, gravel and clay. 

It should be noted that in all of these cases in which the solid rock is 
found beneath a thin cover of soil, this soil consists chiefly of clay. It evi- 
dently re])resents a glacial till deposit. The \inderlying rock surface usu- 
ally is distinctly striated, and the till deposit apparently represents what- 
ever material happened to be embedded in the bottom of the ice during the 
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Riipplc-nicirked surface of llmesti.me, IjelMiiginL; {•> i1h_- Kk Ii in ni' I group; (.'xii'isi. il rilnMit, a tuil'j •:i~t "t W i 
Ohio. Similar ripjile marks arc conimon un the limestone la>er:^ 5 iiiilt^s west i\i 
MiiiilletDwn, a mile sraith rif Jacksonljurg. 



final sta<4'es of the ineltin<'' of the glacial ice. It is not a deposit from the 
margin of the glacial ice sheet, but from its bottom. In this sense, it might 
be called a ground moraine, rather than a terminal moraine deposit. 

It will be noticed that all of these areas, in which the rock lies close to 
the surface of the soil, occur on the higher levels of land, not in the vallevs. 
Ill ^lontgomery county, this is eciuivalent to saying that the thin soil cov- 
ers are found chiefly on Brassfield, Dayton, Springfield, or Cedarville 
limestone, or on some other division of the Silurian group of rocks, since 
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these r.K-ks underlie all of the high levels in the county. Since they are 
iuu-der than the underlying Cincinnatian strata, and are less readily eroded, 
they frequently form the l.roxvs of the hills and the margins of the flat hill 
lands bordering the deeper valleys. 

Glacial deposits are likely to he thinnest where the glacial ice was 
pushed up over the brow of a hill on rising from a fairly deep valley. This 
accounts for the numerous exposures of the Brasstield and overlying Si- 
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TrenTTn,"i;i.po7ei ;„ Central Kenl. chi, , and st'ucK i^ Ihe ^'l ""J ^"^l -'«"> '* 

3,-,verluun ;n <.Mur.- Hmm., acr,.ss the M.ani, valley, indicating that the gravel rnlge area 
"' ■ ljtl,j„. the level .if the hills bunltring the pre- 

that on the hill tups ,s chiefly till. The under- 
glacial vaiiey. . ..e u... s -.^ ;-,, V\.,. ,i..:. f,-.„;u .,1=,-, is indicated. I-ncalities «here the same rocks 

are mentioned. The present 



\-crtical section from Be 

in the Hills and Dales and sonth of Calvary cemetery lies chi. 

glacial valley. The drift filling the valley consists chiefly ot gravel 

lying rocks and the horizon of ;, few of the characteristic fossils al 

and fossUs may be fonnd freely exposed on going from Itay.on toward ,...n...u 

valley of the Mtami river is that ,,art lying west of the hills a, the . rnmo Biuk Compaiu plant. 

hn-ian limestones along the hill front south of Wolf creek, from the vicin- 
ity of tiie Soldiers' Home to a point :5 miles .southeast of ErookviUe. On 
the northern side of this valley, exposures are few. While rock ex,.osures 
are common along tlie hill front east of the Miami river, from a i)oint south- 
east of Tippecanoe to beyond Tadmore, and thence eastward both toward 
New Carlisle and nuffeysville. no outcroi)s are known along the ea.stern 
front of this hill land, between IluffeysviUe an<l a ].oint two and a half 
miles southwest of New Carlisle. Along the margin of the large triangu- 
hu- mass of hill land beginning two and a half miles east of Dayton, ea.st 
of the Montgomery county line, roek exi)Osures are almost unknown ex- 
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cept along the northwestei'ii inargin, extending I'roni New (Jeimaiiy nortli- 
ward. It shonld be ]-enienil)ered that the iee slieet in MontgDnierv eonnty 
moved abont 15 degrees east of soutli, and henee tlie nortliwestern bound- 
ary of any liill land Mas the part whieh ])ore the briuit of tlie thrust of tlie 
iee sheet iluring its motion in a general direction sonth\vai'(h 

Where the iee sheet erossed a comparatively narrow and deep \'alley, 
tlie rock along the top of the hill land west of the valley is also likely to Ije 
covered bv little soil, apparently owing to the downward Hexure of tlie 
ice sheet. Such an area occurs west of the Stillwater rivei", between Eiigle- 
wood and Ludlow Falls, and more isolated localities occur west of tlie Mi- 
ami river, near Tadmor, jialf way between Tadmor and Ti])i)ecanoe. and 
northwest of CoN\lesville. 

.s',^ Tliicic Deposits (if Gravd, Sand, and Clan Bcncatli ihc Flat 

Lands Occn [iiiini^ the Ki't'cr Vallcjis: and ihc Prc- 

irlacial Drainage of SoutJiicestern Oltio 

It is a familiar fact tliat at many localities wells have been dug or bored 
through considerable thicknesses of gravel, saiul, and clay A\'itIiout striking 
solid rock, ^^^lat is not familiar to the average obser\er is that, no matter 
how tliick the overlying deposit of gi'avel, sand, and clay may be, there 
ah\'ays is rock beneatli. In otlier woi'ds, tlie interioi- of the earth consists 
of solid rock. The gravel, sand, and clay forms merely a i-elatively thin 
coating which ecn'ers this rock interior. 

Since, in glaciated areas, these deposits of gravel, sand, and clay \vere 
transported chiefly by the glacial ice or by the streams issuing from its 
front, they commonly are known as drift. Naturally this drift is thickest 
in the deeper preglacial ri\'er \alleys. Hence, in order to get some idea as 
to the general appearance of these preglacial \'alleys it is necessai'y to de- 
termine to ^v]lat extent they have been tilled with drift and then to imagine 
how they would appear if all of this drift were removed. 

Within the valley of the Miami ri\'er the following thicknesses of drift 
have been found lieneath the comparatively Hat lands boi'dering the jiresent 
river channel. Near Pitpia, the thickness of the drift, down to the solid 
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rock, is 170 tVet; at Tn.y. JH'.i fcc-t; at Oshoni, -JOT fet-t; in Dayton, at the 
corner of Fii-st and Findlay streets, 2J<7 feet; at ]Mianiisl)urg, 181 feet: and 
at Hamilton, 210 feet. 'I'lie thiekness of the ch'ift at Osboi-n is inehided in 
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this brief list since, in preglacial times, tlie channel of tlie iMianii I'iver is 
believed to have extended from Troy toward New Carlisle and Osborn, 
rather than by \vay of Tadmoi' and Taylorsburg. as at ])resent. 

If now the elevation al)o\e sea level of the varions towns hei'c mentioned 
be determined, and if from this the \ari()MS thicknesses of drift be snb- 
traeted, in order to ascertain approximately the ele\ation of the I'ivei' liot- 
tom at each locality during preglacial times, the results ai'c l)et\veen 700 
and 720 feet for Picpia, 700 feet for Troy, and (;0() feet for Osboi'ii. This 
lo\\er elevation for the preglacial ri\er channel at Osborn eertaiidy does 
not favor a northward How of the Miami river, from Osbf)ni toward Troy, 
in preglacial times, as sometimes supposed. 

From Dayton southward the corresponding results would be o2() feet 
at the corner of First and Findlay streets in Dayton. .520 feet in the north- 
ern part of ^liamisbm'g, and 380 feet for Hamilton. These data also 
suggest a southward flow of whatever stream occupied this ])art of the 
3Iiami valley in preglacial times. 

It is re})orte(l that at St. I'aris. Id miles east of l'i(]ua. a well was sunk 
a distance of 530 feet withmit striking I'ock. At a depth of 400 feet large 
pieces of A\'ood and of bark and fragments of nuisscl shells wei'e stmck. 
The l)f)ttom of this \\'ell was a])pi'oximately 08.5 feet abo\-e sea level. The 
bottom of the preglacial \'alley e\idently was still lower, Itut its actual ele- 
vation is unknown. Since the bottom of the pi'cglacial valley at Picpia is 
somewhere near 700 or 720 feet, it is e\i(lent that the liottom of the pre- 
glacial valley struck at St. Paris is lower. Whether this necessarilv means 
a northward flow of the preglacial streams at Piqua and St. Paris 1 am 
n(it prepared to state. 

Profes.sor John A. Bownocker. the present state geologist. ga\e this 
subject moi'e detailed attention, and in 1000 published the ma]) here repro- 
duced. In this ma]) the word "col" designates those narrow ])arts of the 
present i'i\'er channels at which in ])reglaeial times the di'ainage areas of 
neighl)oring basins were separated. In other words, at these ])oints. in ])i'e- 
glacial times, the streams flowed in o])])osite directions. According to this 
map, in preglacial times, the uj)j)ci- ])art of the Ohio rivei- and the Licking 
river joined northwest of Cincinnati and flowed toward Hamilton. That 

[181] 



GEOLO(;r OF UAYTOX AND VICIXITY 

part of the present little Miami river wliich lies south of Foster, connected 
witli the same drainage basin. Todds Fork, and that part of the present 
Little jNliami river lying between Fort Ancient and Foster drained west- 
ward into the broad valley now oonnectino' with the (xreat ^liami river 
valley south of Middletown. Here it was joined by the drainage of the 
Great Miami river valley from points at least as far noi'th as Taylorsburg 
and Harshmanville. The remainder of the Little jNIiami river, from Fort 
Ancient northward, Howed northward bv way of Alpha, Osl)orn, Xe\v 
Carlisle. Tippecanoe. Troy, and Piqua towai'd the headwatei's of the 
^Val)ash ri^•er, l)eing joined by tlie pi'eglacial river passing thi-ough St. 
Pai'is somewiiere in nortliern Ohio. According to the map this junction 
took place near C'elina. 

The reasons for assuming these directions for the preglacial drainage 
of southwestern Ohio are gi\en by Professoi' ]Jownocker in his paper on 
tile History of tlie Little Miami Kiver, published l)y the Oliio State Acad- 
emy of Science. For our pi'csent piu'pose it will l)e sufficient to call at- 
tention to the fact that tlie ma[) lea\'es unsoh'ed as to what becomes of the 
Ohio and Licking ri\'ei' drainage after reaching Hamilton, and of the 
Todd Fork drainage after reaching the \'iciiiity of Middletown. K\'identh' 
the map is intended to suggest that the outlet for this drainage must be 
toward the northwest, but that the jU'ecise path f(ir this outlet has not yet 
l)eeii deternn'ned. Li tlie search for such an outlet it is interesting to iKite 
that exposures of rock ranging from the Brassfield limestone to the .Spring- 
field limestone ai'c so fre(|uent and the o^•erlying soil is so thin in the area 
between the Soldiers' Home and that |)art of \Volf creek which lies three 
miles southeast of lirookxllle that the possibility of any considerable pre- 
o-lacial \allev throujjh this region mav Ik- discounted. Farther west. Si- 
lurian limestone is struck by wells at shallow depths at various localities as 
far west as the creek one mile east of I'yrmont, and three (piarries were 
formerlv in o])ei'ation, one at the eastern mai'gin of section 1.5, one near its 
western margin, and a third along the creek one mile east of Pyrmont. 
^^^ithin this moi'c \\'estern area the to]) of the solid I'ock averages about O'.M) 
feet aI)o\'e sea level. ^Vt Pyrmont, wells 50 feet deep do not reach the 
rock; but .)() feet l)elow town level is still '.)'._)() feet abo\e sea le\el. The 
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drift continues lieavy between Pyrmont and the valley of Twin creek, four 
miles westward, but Brasstield limestone is exposed at the !)(>0-foot le\el 
four miles southwest of Pyrmont, along the Montgomery county line. Jk- 
tween Lewisburg and Eaton exposures of the Jirasstield and overlying 
limestones are too mmiercnis to make the former presence of a preglacial 
channel within this area proliable. Between Eaton and Richmond there 
are a sutticient number of exi)osures of Brasstield limestone and f)f the ijii- 
metliately underlying parts of the Richmond group to eliminate tliis part 
of the territory also from a possible course of a preglacial outlet for streams 
llowing from tiie direction of Hamilton and ^Middletowu. Since tiie line 
of Brasstield outcrops from Eaton reaches tlie southern border of Preble 
county southeast of JNlorning Sun, within seven miles of the Indiana state 
line, it is evident that the preglacial channel must be souglit within the limits 
of Butler county. Here, however, numerous exposures of Richmond strata 
inter\ene to points considerably beyond Oxford. It is probable tiiat tlie 
basal parts of the Richmond formation are continuous as far as the areas 
immediately west of the southwestern corner of Butler county. \Vhen it is 
realized that the rock beneath the preglacial valley at Hamilton is struck 
somewhere near the ;380-f()ot level abo\c sea and that tlie basal layers of tiie 
Richmond west of Hamilton are at least 77.) feet abo\e sea level, tlie diffi- 
culties of finding a preglacial outlet in this direction may be appreciated. 
Yov the present, therefore, ^ve are obliged to conclude that a \\'estward 
drainage of preglacial waters from the region of Plamilton and Middle- 
town through Butler, Preble, or Montgomery c(junties, seems highly im- 
probable. In the meantime it must be acknowledged that such a map as 
that prepared by Professor Bownocker for the drainage of the Little Miami 
river, especially of its upper waters, is highly stimulating to furtlier re- 
searcJi. It emphasizes the separation of the drainage of that part of the 
INIiami river which lies north of Tadmor and of that j>art of the Mad ri\ er 
which lies east of Simms station from the general drainage of the Miami 
river from Dayton southward, and places the main channel along Alpha. 
Beaver creek, Osborn, New Carlisle, and Tippecanoe. This was regarded 
as the preglacial channel of the upper waters of the INIiami also by Professor 
Edward Orton, in his reports on Clarke and ^liami counties, publislied 
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Map cnnLrasting tile width nf the ina-j^'lacial valley ext<.-ii:ling fi'ijni Tippecaiine by 
I'airhelil t<:iward Bea\'er cie^k wltli lite present channel of the Miami river at Tad 
tile valle\s IS outlined by dotted lines. 



.f New Carlisle, Osborn and 
The high gnamd l.iordering 



more than 2.5 years eai'lier. Orton, liowever, at that time thouglit tliat the 
(li'aiiiage tlirough this i)reglacial chamiel was southward. 

.S'.T. TJic IIiifl'iiKin Prdiric ^Irea 

The argument in fa\(ir (if tlie separation oi' the drainage of the 31ianii 
river nortli of Tachnor and of tlie Mad river east of tlie Montgomery county 
Hue, (hiring jjreghieial times, fi'om that ])art oi' tlie 3Iiami river which ex- 
tends southward from Dayton is chiefly hased upon the narrowness of these 
river channels at Tadmor and at the ^Montgomerv county line, and on the 
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comparatively sliallow depth at which the underlying rock is believed to 
occur. Since a much wider valley, covered witli thicker masses of drift oc- 
curs farther eastward, and since connection with this valley appears unob- 
structed, the former drainage is considered to have followed the wider and 
deeper more eastern preglacial drainage basin, rather than the present 
channel. 

South of Tippecanoe, the valley of the ]Miami river narrows rapidly 
as though approaching the headwaters of some stream, instead of doing 
the exact opposite. At Tadmor, the high rock walls on the two sides of the 
valley are only three-(juarters of a mile apart at the top, and near their 
base the underlying strata approach eacii other within half a mile. South- 
ward, this narrow gorge continues for about a mile and then it widens out 
rapidly again, south of Taylorsburg. To the student of physical geography 
the topography here resembles that of two former stream valleys flowing 
in opposite directions from some point between Tadmor and Taylorsburg. 

East of Tippecanoe, however, there is a very broad preglacial valley, oc- 
cupied at present only by an insignificant stream. Honey creek, and south 
of X"ew Carlisle the continuation of this l)road valley is drained by a stream 
not even large enougli to reeei\e a name. Along this eastern preglacial 
channel the rock walls are at least tA\o miles apart. 

This ancient preglacial valley at present is deeply filled with gravel, 
sand, and till deposits. The highest part of the watershed .separating Honey 
creek from the little stream flowing southward toward ()sl)orn is located 
southwest of X^ew Carlisle and is 870 feet a])ove sea level. If, after the 
melting baclv of the glacial ice front the waters imponded in the areas south 
and southeast of Tippecanoe foimd a lower outlet along the waterslied be- 
tween Tadmor and Taylorsburg tlian 870 feet, they would have taken this 
western channel in place of the former eastern preglacial valley. In the 
course of time the Avatershed between Tadmor and Taylorsl)urg would be 
cut down to its present level. 

In a similar manner, the channel of the ]Mad river at the eastern margin 
of Montgomery county occupies a valley only about half a mile in width, 
while in both directions from tliis point the valley widens rapidly. Since 
the watershed between the ]Mad river and Beaver creek, 2 miles southeast of 
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Osborn is 8.50 feet above sea level, the waters cfnering the Huffman prairie 
area southwest of Oshorn would cut through a new channel b}' the present 
exit from the prairie area only if they found tlie \vestern watershed below 
the 850-foot level. xVt present the hill tops Iwjrdering the \vestern exit rise to 
the 920-foot level, but between these hill tops there msLj ha\'e been a depres- 
sion descending to less than 850 feet, in preglacial times. 

If the ]Mad river, during the late glacial times was obliged to cut for it- 
self a new channel through the hill-front along the eastern line of ]Mont- 
gomery county, west of Simms station, then for a time the waters might 
have been imponded in the Huffman prairie area extending from ]\Iedway. 
Osborn and Fairfield southwestward. Even in comparati\'ely recent years 
all of this area was very marshy, and if it were not for the extensive drain- 
age ditches, most of it would be marsliy to-day. Water is struck within 
moderate distances of the surface of the ground, and the total (juantity pres- 
ent in the tliick deposits of underlying sand auist be enormous. 

■v;. SfUuLs /Old Gnrcclx as a Source of a C'if// Water SiippI// 

It would be interesting to determine to what extent Dayton has access 
to the enormous cpiantities of water present in tlie sands and gravels under- 
lying tlie Huffman prairie area, east of the 3Iontgomery county line. At 
present our water is withdrawn from a narrow area extending from the 
\-icinity of the waterworks, within tlie limits of Dayton, along tlie ^lad 
i-iver as far east as the point wliere the river is crossed liy the Erie I'ailroad, 
nortli of the noi'tliern extension of Huffman liill. This ])oint lies 8 miles 
soutliwest of the gap liy means of which tlie Mad river leaves the Huffman 
prairie ai'ea. Of course, at ])resent we are securing chiefly such water as 
seeps from the bed of tlie Mad ri\er downward through the underlying 
sands and gravels. No attempt is made to secure any of the water outside 
of this stream channel, and the upper wells, of course, tend to exhaust those 
farther down the stream. Running ri\er water from tlie dam at Findlay 
street tln-ough the canal into the old Bimm ice pond of course adds to the 
water supply of the wells in the vicinity of the pond since tlie water naturally 
will seep through gravel and sand (juicker when under greater pressure, 
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and this increase in pressure will be jjroportionate t(j the height of tlie water 
in the pond over the top of the water surface in the river. Tlie bottom of a 
pond acts virtually as a filter, and it becomes a (jucstion whether sucli a 
filter within the confines of a city and subjected to all of the possibilities of 
contamination is advisable. Socmer or later it may become necessary to con- 
sider the erection of an extensive artificial filterin<4- system. 

Pumping naturally reduces the le\'el of the water in the wells Itelcnv that 
of the water in the immediately surrounding tei'ritory, and lience the water 
from this surrounding territory seeps through the sand and gravel toward 
the wells. ^lost of this additional water comes, of course, from the river 
channel, directly aliove, and this is the only reason for placing all of the 
wells so close to the river. The seepage of water through sand and gravel 
is so slow that, for a large supply, it is necessary to depend upon a supjdy 
close at hand, reijuiring a minimum distance for seepage. 

Seepage through sand and gravel is supposed to free the watei' from 
dangerous germs. The effectiveness of this foi-m of filtering miglit readily 
be called in (piestion, althougli all reports on tlie water supply of Dayton 
hitherto have been \ery fa\oralile. 

The rate of flow of water ^itliiii sands and graxels, of course, is \'ery 
slow. Some people seem to thin]< that there are underground streams run- 
ning along channels comparable with those flowing througli the under- 
ground passages of caves. Nothing could be farthei- from the truth. The 
largest underground channels that exist in sands and gravels are the small 
spaces present between the sand grains and the pebbles, as exposed in any 
open sand or gravel pit. 

The direction of flow or seepage of underground water, in general, is 
practically the same as the direction of flow of the river water, down the 
\'alley followed by the stream, excepting in so far as there also must be a 
lateral seepage from the higher land along the valley toward the river chan- 
nel. In a similar manner water must seep from the surrounding land to- 
ward any active well, since the water in the latter represents a low level, on 
account of the contiiuial withdrawal by pumping. 

Wells placed in a series along a river chamiel attack chiefiy the same 
sovu'ce, that part of the river water which sinks into the sands and gravels 
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from the overlying river 1k-(], excepting as new supplies come in much more 
slowly from the sides of the valley. Hence the importajice of keeping track 
of the sanitary conditions not only in the immediate neighborhood of the 
wells, hut also up-stream and also foi' a considerable distance from the river 
margin. 

The adequacy of any water basin as a source of supply is also a problem. 
So far we have been tapping merely the supply of water furnished by the 
flat lands along the ]Mad river, extending from within the boundaries of 
the citv as far eastward as Ilarshmanville. It is a (luestion to what extent 




\"ertic;il section trmn [lie hills cast nf tlic soiulicrn enii i>t .\IijTnis.mrc t^ ' iti in.nititw n, imiicattnt, tlic n.iii<iuncss <jt 
the valley at iliamishurg. The same vertical scale is enipldjcd as lor the sectiini thrtiugh the Hills ami Itales area- 
A pre-glacial valley is supposed to exist beneath the drift deposits in tiie Ury Run \alle\-. but as a matter of fact the 
thickness of the drift here is unknown. However, no exposures of lock are known between (arlisle and r,erman- 
tijwn. within two miles east of Twin creek, nor from the wide area between t ierinan tnwii and l-^llertun, nor lietween 
Ellert'iii and Alexandersville. 



the withdrawal of the water from tlie wells recently o])ened up in tlie vi- 
cinity of Hai'shmanville will add permanently to tlie water supply at Day- 
ton, and to wliat extent it will lessen tlie Avatei's furnished by the wells far- 
tliei' down stream, in the vicinity of the waterworks. 

L'artliei' eastwai'd, in the Iluft'man prairie I'egion, there is, of coiu'se, a 
large sup])ly of \\'ater, hitherto ])ractically untouched. ^Vlthough appar- 
ently merely an ai'ea farthei- u}) the same ri\ei' basin, the Ilufl'man jirairie 
area in reality re})reseiits geological!)' a (|nite distinct basin, connected with 
the flat land surrounding Ilarshmanx ille only by a comparatixelv narrow 
cliannel, along which the see])age channel of sand and gravel ap])ears to be 
of only moderate depth. This channel, two miles noi-theast of Harshman- 
ville, appai'ently lea\es untouched all excepting the highest levels of the 
watei- which is seeping throngh the Ilufl'man prairies, so that the latter 
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offer great sourees of additional supply for the growing needs of the city. 
Wells sunk in the vicinity of Sininis station or the Wi-ight aviation Held 
would attack a distinctly new source of sup])ly. 

<s";. Tlic ^Ihwdiidci-.srillc liotlom Laiuh 

The present cliannel of the Miami river, at ^liamisburg, is remarkably 
narrow and steep-sided, compared with the general width of the valley l)oth 




Map CfiTitrasling Ihe wiillli "i the \'all<--\ nf tlu- Miami ruajr at Mianiishurg uith the \alle\ farther nortltward aii^i 
Siatithward. The liigh ^la.itnul hmderiny^' the \alle\s i^ niithneil hy ihilteil lilies. The h\ pothetical iire-ghicial \'alle\' 
east of (.'leriiiantLiwll, stlliposeil tei lie tlie pre-ghicial patli nf the .^^la^ll river, is indietiteel h\- hmken lines. -Vt presetlt 
this path is heavily co\ered with drift. 

north and south of the town. At the southern end of ^lianiisburg, tlie hill 
cut l)y the Big Four railroad is only about Iialf a mile distant from the near- 
est part of the hill-front on the western side of the present river cliannel. 
However, 3 miles west of ^liamisburg is a much wider preglacial valley, 
at present deeply covered with drift and occupied only by an insignificant 
stream, Dry run. The head\\'aters of Dry run are separated from that part 
of the ]Miami river valley which lies west of Alexandersville and West Car- 
rollton by a watershed which is about 770 feet above sea level. At present, 
the hills at the narrow part of the valley at Miamisburg rise 900 feet above 
sea level. Therefore, if the channel tlu'ough Miamisbui'g was not open in 



[ 180 ] 



GEOLOGY OF DAYTOX AND VICINITY 

preglacial times, it must have been at least l^elow the 770-t'oot level, if re- 
sultini^- from the eseape of imponded waters. 

North of Miamishurg, the bottom lands of the JNIiami river are remark- 
ably fiat and cover wide areas. These are the Alexandersville flat lands, 
which extend northward as far as Dayton. Topographically, tliey corre- 
spond to the Huffman prairie area, east of Dayton. 

The most noi-thern rock exposui'e along the hill front northwest of 3Ii- 
amisbvu-g occiu's about a mile from town. No exposures are kno\\'n from 
tlie broad area extending from West Carrollton westward toward Kllerton, 
and ])eyond, to the headwaters of Dry run. No exposures occur moi-eover 
from this point southward, along the preglacial valley occupied at present 
by Dry run, excepting on the western side of Twin creek, south of Ger- 
mantown. Hence, the former use by the oNIiami river of the channel by way 
of Dry run. instead of by way of the present channel through Miamislnu'g 
is regarded as not improbable. 

•v.v. TJtich- Deposits (if Gravel and Sand ^Lhovc the Ia-vcI of 
ilw Flat Lands in the liiver l^allcifs 

In addition to the thick deposits of drift underlying the tlat l)ottom 
lands bordering the rivers in the existing valleys, there are considerable 
thicknesses of gravel and sand also above the level of these bottom lands, 
especially along tlie sides of the preglacial valleys. This is to be expected, 
since gravel and sand are stream dejxisits, and stream deposits ai'e to be 
expected in valleys, rather than on the hills. 

The peculiar conditions under which streams issued from the margin 
of the glacial ice sheet caused sf)me of these streams to build up gra\el and 
sand deposits on high land. For instance, west of the northern end of 
Catalpa drive, noi'th of Dayton, there is a short gravel ridge, which at its 
highest ])oint I'ises 7<) feet above the glaciated top of the Brasstield lime- 
stone, and forms one (jf the conspicuous landmarks in this area. At pres- 
ent this i-idge is being ex])loited for sand and gravel, and in a short time the 
highest ]jart of the ridge, rising in the form of a steep knoll, will have 
Iteen I'emoved entirely. This ridge pi'obably I'epresents the deposit of a 
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siibglacial stream, near the margin ol' tlic ice .slieet, and tlierefoi'e liad a 
history similar to that of the gravel ridges south ol" Dayton, here under 
discussion. Its chief interest hes in the fact tliat this sul)g]aeial stream 
evidently found an exit from iK'ueath the ice sheet at higher levels than 
usual. 




X'trtical sectiiin finni l)a\"iil cliurLli to the Narrows, tour miles stmlhwest ot iJa\'ton, across tile ])elco Dell gravel 
ridge area am! the Miami \alle\'. The present \"alle\ lies west ot the (iraml \'iew ridge area. In pre-glacial times 
the valley probably extended as far east as the Da\-id chnrch. The gra\ el ridges in the Delco Dell and flrand View 
areas lie below the level of the hills bordering the pre-glacial \alle\-. The thickness of the drift filling the valley is 
imknown. The drift dejiosits within the pre-glacial ^'alle\■ an cliiell_\- gra\el. those on the hills bonlering the valley 
are chielly tdl. 



As a rule, the subglaeial streams found their exits somewjiere \vithin 
the limits of the preglacial valleys, and tlie gravel and sand deposits which 
they heaped uj) rarely rise mucli al)ove the le\el of the high hill land bor- 
dering the valley. For instance, the greatest area of sand and gravel in 
the vicinity of Dayton occurs in the area soutli of Dayton, from Carrmonte 
and the Calvary cemetery soutliward tlirough the Hills and Dales, and the 
Delco Dell as far as Hole's ci'eek. Tliis is an area .5 miles long and 2 
miles wide within which the top of the gravel ridges often rise 1()() feet 
al)ove the level of the fiat bottom lands, and within which the total thick- 
ness of the drift, down to the solid rock beneath, must e(jual locallv at least 
.'300 feet. The highest part of the gravel area west of the Cincinnati ])ike 
lies within the Calvary cemetery and is 040 feet abo\'e sea level. The 
highest ])art of the Adirondack ridge in the Hills and Dales area is about 
92.5 feet, rising to dU) feet toward its junction with the Panorama ridge. 
The highest part of the I'idge area on the ^loraine fann also is about 040 

[191] 



GEOLOGY OF UAYTON AND VlCIXri V 

feet above sea level. Within the Delco Dell i,Tounds, none of the land 
rises above the 92.5-foot level, and this is the highest level witliin the gravel 
area southward, as far as Hole's creek. A considerable part of the land 
along the Lebanon pike, however, lies above the 1,000-foot level, and this 
part is covered by gravel along its extreme western border. Farther east- 
ward, the deposit overlying the solid rock consists chiefly of till. 

Thick deposits of sand and gravel occin- in the liill area sonth of the 
Xenia traction line, l)etween Shakertown and Ali)lia, but tlie to])s of tliese 
gravel deposits rarely reach 1.020 feet, while this level is attained liy a 
considerable part of the till-covered area a mile soutii of the northern mar- 
gin of the gi'a\el area. (ira\'el and sand is abundant in the liill area soutli 
of Fairfield and of the \\"right a\'iati()n held, but these gravel hills nowhere 
rise cons])icuously abo\ c the le\'el of the till-co\'ered area southeast of Xe\\' 
Germany, l^normous deposits of graxel and sand occiu' also along the 
valleys of IIone\' and Indian creeks, between Tippecanoe and Xew Car- 
lisle, l)ut the tops of the gi'a\el liills rai'ely exceed 1)00 feet, "while this alti- 
tude is reached l)y a considerable part of the till-eo\ered area both north and 
soutli of the gra\el area. Similar remarks might be made about the gravel 
areas east of (iinghamsburg and C'hamlierslnn'g, on the ^^'estern side of the 
Miami river: along the \'alley of lii'ush creek, 2 miles east of West Milton; 
and along the northei'u side of \\'olf creek, southeast of Brook\"ille. 

SO. Thick Dcpnsifs nf Till 

The deposits of till also ai)peai' to be tliickest within the limits of 
])i-eglacial \-allcys. At the bend of Twin creek, one mile southeast of Ger- 
mantown, the exposed thickness of till equals 70 feet. At its bottom it 
rests upon a ]jeaty layei- containing cedar berries, fragments of wood, 
mosses, grasses, and sedges. At the Pinnacles, a mile northwest of Alex- 
andersville, tlic total thickness of the till is at least 100 feet and probably 
e(pials 120 feet. Consideral)le thicknesses of till occur along the vallev of 
Hole's creek, about 2 miles east of Alexanders\ille. At the Doctor Schei- 
l)enzul)er farni, a mile northeast of Delco Dell, a well passed through ISO 
feet of till without reaching the rock beneath. ^Vt a well bored at Delco 
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Dell at least 120 i'eet of till was foiiiid beneath ?•> I'eet of sand and ^'ravel, 
without striking- the underlyini^' roek. ANHthin tlie areas eoxei'ed by the 
various terminal moraines tlie thiekness oF the till fi-e(|uently exeeeds 20 
feet and sometimes ecpials oO feet, hut usually the thiekest deposits of till 
appear to oeenr there whei'e the ^laeial iee sheet passed from a lii^h level 
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^^ertical section ricniss tlie \)x . Sclieilien/.tilier fiiriii in an east and west ilireelinn, with a diagraniniatic representa- 
tion of till plastered aijimst the eastern border of the ]ire-glacial valley hy the southeastward moving glacial iee. At 
the Dr. ScheihenzLilter farm a well pvnilrated 180 feet of till wathfiut striking srilid rock. A short distance west- 
\\".'iid, gra\"el5 and sand o\'erlaii the lit] il<.-posits tind are well ex]iosi.'d .along tlie \-alle\' southwest of the house. 

area into a deep, vide \alley, or vhere. on lea^'intc a vide \ alley, it pushed 
up a^'ainst a stee]) hill area. 

In g-eneral. the o-laeial iee sheet ap])ears to have mined soutlnvard vith- 
out any ^n'reat regard to the topo,i>'ra|)hy of the underlying' eountr^'. It 
not only filled the \'alleys, hut rose for hundreds of feet aho\e the surround- 
ing' hills. While, in a general vay, the iee may ha\e mo\'e(l downward on 
reaching' a ^•alley. and upward on ascending the opposite slopes, it is j)ossi- 
l)le that to a large extent the u])])ei- ])art of the mass of iee. aho\e the hill 
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Icvf], moved niudi faster tliaii tlie lower i)art whicli was held ])at'k within 
the valley, and e\en niav ha\e sheared more or less across the latter. This 
may account foi' the slii>-ht deHection ])ro(luced hy ^'alleys on the direction 
of the glacial stri;e. It mnst l)e remembered that, aside from the valleys, 
the i>'enei-al to]joi;raphy of the hill lands around Dayton is com|)arati\'ely 
flat, the hills rising in all dii'cctions to about the same genei'al altitude. 
Hence the sky line as seen from any tall liuilding iu every direction around 
Dayton ai)])ears com])aratively straight, and not (lee])ly indented by hills 
and \alleys. Seen from any consideralile distance, the indi\idual hills 
can no longer be distingnished and tlie indixidual hill summits ap])ear 
to coalesce into a long, single, horizontal line. In other -woi'ds. this part of 
southwestern Ohio may be I'egai'ded as an cxtensi\e plain (lee]dy cnt into 
by nnmei-ous ri\ei-s and streams. 'Hie motion of the ice across this ]dain 
\vas not greatly influenced by the \alleys indenting the latter. 

an. Mdiiji UtiiiUlcrs of ('(tiKidiiui Origin Arc llltJniit 
(ihiciaJ Scra1clic.'<. 

The first thing to attract attention at the Moraine Park station, in 
addition to the bcantiful natural siu'roundings. is the pretty \\aiting-room. 
Ilei'e numerous boiddei's of Canadian origin lunc been collected from the 
fields and nsed to produce iri'egular color effects in the outer walls ol' the 
])uilding. Canadian boulders are used also foi' the protecting walls lining 
the stream channel southeast of the station, and for the chimney attached 
to the Deeds cottage, at the exti'cme northern end of the Delco Dell 
grounds. A]\ ol' the suppoi'ting walls of l{idgelcigh Terrace are con- 
structed of siimiai' lioulders. 

Comparati\ely ft-w of these boulders show flattened faces or ])arallel 
glacial stri;e. although many of them are strongly rounded. ]Most of these 
lioulders, during their journeys soutln\ard, a])])arently were snbjected to 
the rounding action of flowing water, at least dnring the final stages of 
theii' progress. During by far the gi-eater ])ai't of their journey 1'rom their 
original Canadian homes, many of these bonlders probably were trans- 
])oi'ted eml)edded within the glacial ice, rather than pushed along at its 
bottom. In fact, if the bouldei's had been ])ushe(l along to any considerable 
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extent at tlic ])()tt()ni ol' the iee, tlattt'iied I'aees and glacial stria' should he 
in e\i(lence more fre(]uenlly, notwitlistaiuhni;' the lalcr suhjcetion of many 
of tliese l)ou]dei-s to the etl'eets of i imnint^' waler. 

:>l. Jioiihhr Jh'lls 

]^'j\"iilently. the honlders at one time weri' \'ei'y nnmei'ous. At sonie lo- 
cahties tliey were \ ery mneh nior^ nnmerous tlian at othi'i's. They were es- 
peeially numerous alonn' the outei' holder of the l^aton moraine. L'oi'merly 
tliey A\(_'re \'er\' abunchmt aloni^' tlie Ti'oy pike, south of C'hamhei'shin'L;'. Imt 
many lune Ixxu remo\ed sinee. for huildini;' ])ui'poses. They weru aliuii- 
dant in parts of Dayton ^"ie\\'. south of Ijiherty. near AN'^est i\lexan(h'ia. 
and noi'th of Katon. In a north and south (hreetion. acM'oss tlie Katon mo- 
raine, the liouiders wei'e seattei'ed o\xi' an aria 2 to .'} miles in width. The 
east and \\est roads ci'ossini>' this moraine often eneountered nnmerous honl- 
ders fo!' a distanee of 4 or .5 miles. So numerous wcrt' the lioulders. tliat 
the Katon moraine was known as a houlder helt. In 1S7S. Pi'ofessoi' Ed- 
Avard Oi'ton reeorded that near West Alexandria, on the Farm of l)a\'id 
Potterf, he had eounted ] .2()() hoidders <_'\ef(_'diui;' '2 I'eet in diameter to 
the aere, and stated that there were i)oints whei\- boulders were more nu- 
merous than this. 

lioulders are mmierous also aloui;' many of tlit- otht'i- moraines, hut those 
along' the Eaton moi-aine eom])arL'd in numlurs with an\" known in the 
^Iississip])i valley. They oeeui' not only on the' surfaee, hut also cnelosed 
within the Tinderlying elays and gra\els. C'om])ai'ati\eh' few oeeui' more 
tlian 5 or 10 feet ])elow the sui'faee, suggesting that the honlders were ear- 
ried along within the iee mitil thev reaehed the terminal ])arts of the iee 
sheet, whei'e they were di-o])])e(l by the melting of the iee. A])pai'entl\' 
many of these lioulders were eai'ried so far abo\e the base of the iee sheet 
that they suffered less from I'ulibing than the main mass of roek fragments 
cari'ied along in the l)asal parts of the iee. 
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0.?. High Points ill SdiitJnvcstcni Ohio, E.spcciall// in 
tlic Vicinitji of l)a//toii 

The hig'lu'st land in the state of Ohio is loeated about 50 miles uortheast 
of Dayton, a few niiles east of I>ellefontaine. Ilei-e the highest altitnde is 
1,540 feet aho\e sea le-\el. High land is I'onnd also farthei' eastward, in 
Kiehland, Tnsearawas and C'olninhiana eonnties, hnt in no case does this 
land attain an eknation of 1,500 feet. The highest land sontheast of Day- 
ton oeeurs in the eastern part of Highland county, r^.') nn'les a\\ay. Here 
seA'eral higji hills or mountains are located, one of which reaches an altitnde 
of 1,300 feet. 

The highest land A\ithin 15 miles of Dayton is located southeast of the 
Da\'id church, on the eastei'u side of the Lebanon j)ike. and about '2 miles 
southeast ol' Dek'o Dell. Here the highest ele\ation is a few feet abo\'e 
1.100 feet abo\e sea kn'cl. The highest land northeast of Daytor) is loeated 
about a mile southeast of \\"est C'liarleston. and is 1,022 feet abo\e sea 
lex'cl. X'oi'thwest of Dayton the highest laud is located about .'5 miles \\'est 
of Erdokville. and attains a lexel of 1.070 feet. Southwest of Dayton, the 
highest laud oecui's about fi\'e and a half miles west of (rermantowii, where 
it reaches a le\el of 1,0.'}0 feet al)(ne sea. 

The elexation of the base of the lam]) post at the southern end of the 
Main sti'cet bridge is 755 feet abo\e sea le\ fl. The average elexation of the 
land within the central pai't of the city is 740 feet. The cottages at Delco 
Dell ai'e 100 I'eet abo\e this le\'cl, and ai'e fi'eelv ex])osed to the breezes from 
almost any dii'ectiou. It is an ideal location in hot summer \\eather. The 
highest land in the southeastern ei>rnei' of the Hdls and Dales area is 40 
feet higher. !iut is less abruj)tly ele\ate<l alH)\e the sin'i'onnding t'ountry. 

The highest land north dI' Daytnn occurs at the graxel pit west of the 
i'ortriern end of I'ataljia dri\e. where an eK'\ati(in of 1,020 feet is attami'd. 
The highest land west ol' Dayton, 1,000 feet ab()\ c sea le\e!, occui's west of 
Drexel ])ai'k. The- higlR'st ekwatinns in the easteiai ])ai't of Dayton occui' 
immediately north of tlie "C'ulebra Cut" on Hutt'man hill, whei'e a height 
of 040 feet is i-eachcd. Vnrt ,Mcl\inle_\' and Oakwood ha\'e e(|uall\- fa^'or- 
able locations, as fai' as <_le\'a[ion is concerned. 
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It is evident that as t]ie city ol' Dayton cxpatuls its growth mnst ha 
chiefly toward the suri'onndini;' hills, sinci' the lower lands already are 
hu'u'ely ()ecu])ie(L Within a short tiiin- na\ton will lieeoiiie a city ol' nn- 
nierons sul)nr])s, deniandiny' water snpplies at eoiisiderahle ele\alions aljo\e 
the central parts of the eonununity. Then the ureal (piantities of watei' 
in tile gravels east of Dayton will he of increased importance, and it will be 
necessary to draw npon the sup])lies inclnded in the territoi'v l)eyond the 
hills east of Ilarshnian. Oidy the geolooist is likely to appreciate the 
great contribntion made ])y glacial streanrs to onr ])resent and I'nture pros- 
perity by j)roducing snch enormons gra\'el deposits o\er the ]>reglacial val- 
lev bottoms. 
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\'iL'>v fri.irii the ■^oiitliern enil dI tlu- Scli uin.ick'.i- 
Knhl l.n-anch of Hole's cr.L'k. Till c 



,l;c. liiwir.l the till-Cii\ eieo liillsiik'S on the ^fniitiiM 
■s Uie hillb-ides soulhw rstward as far as M tanii^l-iir 



CHAPTER XIII 

THE FOSSILS OF SOITII WESTERN OHIO 

9-'!. Tlic Xin/il>cr of Sj)ccii's Finnid hi tlw Hoclis of 
Snutlrcccstcni Ohhi 

The animals wliose remains are found in the I'ocks of southwestern 
Ohio are all sea animals. No remains of animals livinij' in fresh-water 
lakes or rivers have heen detected in these rocks. Only a few pro])lematic 
plant remains have heen detected and these also are such as helony' to ma- 
rine waters. 

The total numher of kinds or species known is ^"er\• _yreat and it is certain 
that the total numher so far discovered forms a small part of the life which 
in ancient times occui)ied the seas which at that time coxcred southwestern 
Ohio and adjacent areas. Hitherto unknown species are heiny found fre- 
cpiently \\ithin the areas here under discussion, and it is certain the total 
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numl)er known will eventnally be greatly increased. ^Moreover, there must 
have been an enormous number of animals whose bodies did not contain 
any parts hard enough to resist decay and of Avhose former existence we 
can ne^'er hope to find any e\'idence in the form of fossils. 

Fully a thousand species of fossil animals are known at present from 
the blue limestones of southwestern Ohio. Included in this series of rocks 
are all the strata from tlie lower part of the Cynthiana group, along the 
Oliio rlvL'v, to the U)\) of the Richmond group, just below the quarry level 
at the Soldiers" Home, west of l^ayton. Of this list of 1,000 species, 400 
are kno\vn in the Kichmond group alone. Since all of this group occurs 
within the limits of JNIontgomery county it is certain that diligent search 
here eventually a\ou1(1 result in the disco\'ery of almost all of the species 
known from the Richmond group. Indeed, Waynesville, a short distance 
beyond the soutlieastern corner of the county, is known throughout the 
M'orld as a great fossil collecting center, on account of the niunerous new 
species disco\'ered in the Richmond strata exposed in its vicinity. Tliis does 
not mean that moi-e S])ecies exist here than else\\'here. but that a larger 
amount of intelligent collecting was done here. The banker Harris, whose 
magnificent collection now is the pride of the National nuiseum at AVash- 
ington, devoted the best part of his life to his collection, and made it possi- 
ble for several otlier collectors to do the same. 

The Brassfield limestone, exposed in the quarries at Soldiers' Home 
and at Centerville, formerly was incorrectly identified with the Clinton 
of New York. From this Brassfield limestone 1.50 species of fossils have 
been identified so far. From the o\'erlying Niagaran strata, including in 
tJiis term all strata from the Dayton limestone, immediatelv overlying the 
Brassfield, to the top of tlie Cedarville limestone, 200 species are known. 

rJ4. Tlie Variclji of Forms of Life Found Fossil in the EocJ^s 

To adequately re])resent all of this fossil life would require a large 
volume. To illustrate none of it would be to omit one of the most interest- 
ing details of geologieal information in our \icinity. To make an adecjuate 
selection among so much material presents its difliculties. Hence only two 
things here are attempted. The first is to gi\'e some idea of the di\-ersity 
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of the fossil life formerly in existenee. The seeoiid is to suggest liow roeks 
from a particular horizon may be identified hv illustrating a lew of those 
species whose vertical range ajjpears restricted to definite di\isions of rocks 
and wliose presence therefore is regarded as prooi' of the presence of these 
divisions. 

Corals arc represented by figures (>, 8, and 9. Of these the horn coral, 
Streptelasma rusticum (Fig. 9). is common around Uayton and often is 
mistaken by tlie ignorant for small cow's liorns. The honey-comb coi'al, 
Columnaria alveata (Fig. 8), is scarce here although common in southern 
Indiana, near ^Madison. Forms having the same general appearance, but 
belonging to an entirely different genus, occur in the lirassfield and over- 
lying limestones. The encrusting coral, Protarea richmondensis, is of in- 
terest cliiefly because it is found attached to various species of shells in tlie 
form of a thin layer. It is common in the vicinity f)f Dayton. 

Crinoids are represented by figure .SO. This was an animal wl)ich at- 
tached itself to the sea bottom by means of a long stem. Its l)ody was cov- 
ered with small plates and its arms, extending upward, were used to pro- 
duce currents of water liringing food toward the mouth, which was lo- 
cated at the top of the body, among the arms. Locally crinoids jjroliably 
were common, but on death the plates, forming that part of the animal 
which covdd be preserved as a fossil, usually fell apart so tliat well pre- 
served specimens of the entii'e animal ai'e comparati\'ely rare. The speci- 
men figured is called Cupidocrinus [)oly(hictylus. Stai'tish are repi'esented 
by figui'e 4, Promopalaeaster speciosus. Only a fragment was foimd, the 
missing ])arts being indicated by the shading. A ])eculiar form of ancient 
sea life is represented by figure 1. Tliis is the Agelacrinus pileus, which 
attached itself to shells and othei- smooth surfaces. The figure is very 
much enlarged, the actual S])ecimen being only half an incli in diameter. 

Bryozoans are i-epresented by figure i. Bryo/.oans of this type are re- 
garded l)y the ignorant as roots or branches of i)lants. Careful examina- 
tion, however, will reveal on the surface of these supposed roots or branches 
numerous very small pits, each of which formerly was occupied by an indi- 
vidual animal. In other words, the wliole organism is made u]) of a colony 
of animals originating from a single individual and ])assing through life 
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insf[)ar;il)k\ very iiiucli as in the case of the eoiiipoiiiul coi'al illustrated l)y 
figure 8. Tlie hrvD/oan here fiynired is Ilallnpora iiochilosa. Hryo/oans 
often grow to niueh hn-u'er size and not ail of them are hranchech Some 
of them ii'i'ow into flat or nodular shapes. 

The peculiar shells known as braeiiiopods were \ery common in ancient 
sea life. They always consist of two sei)aral»le parts known as \al\es, and 
usually they were attached ])ermanentlv l>y a shoi't stem oi- [)edicel to some 
object on the sea-hottom. I Usually this pedicel lel't the interioj- of the shell 
hy some aperture or notch which can he I'eadily identified, and the \al\'e 
hearing this apci'ture oi- notch is called the ])e(licel \al\'e, while the opposite 
A'ahe is called the hrachial \al\e. The charactei'istic I'eatui'e of these hrach- 
iopod shells, hy means of which they can he distinguished fi'om other shells, 
is their bilateral symmetry. In othei' woi'ds. if a line be di'awn \ertical 
down the middle of either vahe, the parts on the I'ight and left of this line 
ai'c alike in shape and ornamentation. The following tigiu'cs ilhistrate 
brachioi)o(ls: ."). 7. 10, 11, ]•_', U, 1.3, 1*», 20, I'l, •_>•_>, 2:j, 24, 20, 28, 20 and .'Jl. 

The general group of clam shells is represented by figures 18, 2.5 and 
•3.3. As a rule, the two \'ahes ai'c alike in form, but ojjposite ends of the 
same val\e differ in outline and sometimes also in oi'uamcntation. The 
shell lepresentetl by figure 2.5 had some of the habits of the modern scallop. 
It I'csted flat upon that one of the valves not illustrated here, and this \al\e 
became Hat and lost its ornamentation. The other \'al\e is seen frequently 
in the \'icinity of Dayton. 

Snail shells are I'epresentcd b\' figures i;> ( C'ycloncma humerosum) 
and ]<i ( Diapliorostoma ti'igonostoma ) . The first s|)ecies is eonunon along 
the I'ailroad o])|)osite the Franklin C'bautau(|ua grounds. The second is not 
I'arc in the quari'ies southwest of S|)i'ingfield. 

Orthoceras fosteri ( Fig. 27) is a peculiar shell looking like a thick rod. 
))ecoming gradually narrower toward one end. Fsually only the east of 
the interioi- is found, and this resembles a series of round discs, each disc 
being cur\ed in a concaxe direction toward the larger end of the specimen 
and con\ex on the other side. These discs I'cprescnt chambers within the 
shell. If the entire specimen had been present there would ha\'e been e\'i- 
dence of a single, very much longer chamber at the larger end of the s|)cci- 
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men, whicli t'oruifvly was occiipifd l)v the aniinal itself. 'Hie series of small 
eliambers prohahly was useful in makiiin' the animal more Ijuoxant while 
swimmini;-. Its nearest modern ix-preseiitatiNe is the Pearly Nautilus. 
Even in aneient days some of the related forms of life wt;rv ef)iled as in the 
Xautilns, hut many s})ecies were .straig'ht, as in the speeimen ilhisti-ated. 
The straitcht forms represent the earlier types of this group of animals. 
Badly weathered speeimens are sometimes mistaken for fossil snakes, and 
one fonnd in the Soldiers' Home (inarrv was laheled for a long time as the 
backhone of a ehild. This is no worse than regarding the head and teeth 
of fossil ele|)hants as I'emains of giant men, as was done in formei' eenturies, 
in \arioirs [)arts of Enrope. before there was a seienee of fossils. 

^Vorms, as a rule, present bodies too soft to be preser\'ed in the form of 
fossils. Nevertheless eertain very small black teeth fonnd in some of the 
rocks of southwestern Ohio have been regarded as the teeth of worms. Fig- 
ure 24 (Ijumbriconereites austini ) represents one of these teeth, greatly en- 
larged, found just beneath the Erassfield limestone north of Wilmington, 
Ohio. Similar teeth have been found west of the railroad track northeast of 
Co^vles^'ille, se^'eral miles north of Tippecanoe. The specimen hei'e figui'ed 
was scarcely a tenth of an inch in length. 

Trilobites are rejjresented by figures 2. .'} and IT- C'alymene retroivsa 
(Fig. 2) is the more common form in the Richmond group near Dayton. 
In the underlying ]\IaysA'ille strata theiv is a larger form \^■ith more acute 
corners at the rear lateral angles ol' the head ( Calymene meeki ) , abundant 
near Cincinnati. Both forms usiially are found rolled up. with the head in 
contact with the tail, and in this form the fossil formerly was worn as a 
watch charm. Ceraurus miseneri (Fig. 3) also was fonnd in a rolled-up 
condition, at Richmond, in Indiana. The species occurs also at the trestle 
crossed by the Springfield traction road, east of Dayton. ^Vhy Calymene 
niagarensis (Fig. 17) occurs so frequently in the form of spread-out speci- 
mens is not known. It is conmion in the Springfield and Cedar\ille lime- 
stones of southwestern Ohio. 

It is evident that these fossils represent (piite a considerable vai'iety of 
life. The complete absence of fish, newts, frogs, reptiles, birds, or ordinary 
hair-bearing four-footed animals should be noted. No evidence of the 
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existence of any of these oeenr in the rocks of soutliwe.stern Ohio, although 
tile earhest ancestors of fish ]ji-ol)ahlv were ah'eadv in existence elsewliere. 

0-~i. Fdssils Illu.strtilcil (1)1 flic Accdin panjiiiii^ Plates, n-illi an IiuIic(di()U 

of Their Vciiical Jiaii^c in llic Scries of lioclrs K.vposcd 

ill iSoiithii-cstcrii Oliiij 

The suh(Ii\isions iif ^\hich the \ai'iiius fossils liei'e ilhisti'ated are cliar- 
actei'istic. are iiuhcated in the list of s])ecies accompanying each pUite. The 
names of these siih(h\isions are i;'i\en in ci)nsecuti\e order on page <)(). 

Of this hst, the Kden, Mays\'ille and Kichmond gr()n])s are inchuled in 
the ( )rdo\'ieian series of I'ocks. and the Brassfiehh Daytnn. ( )sgoo(h Spi'ing- 
tielch C'edai'xille and Mmn'de rocks are inchided in the Sihn'ian sei'ies. 

The C'ohimhns and Dehiware hmestones foi'm part ol' the De\dnian 
sei'ies. A'arions siihdi\ isions oi' memhers nf the Kden. ,Mays\ ilk- and ]{ich- 
nmnd gron])s ai'e I'eengni/.ed \)y geok)gists, hnt are not (hscnssed tiei'i'. 

In descendini'" or(k'r. tfiese memhci's are: 



);[LiiAn)Xi) 



:\r.\Ysv]i,i,]'. 



KDF.X 



Elkhoi'n 

\\"hite\\'ater 

Sakuki 

Liherty 

\\'aynes\ ilie 

^\i'nheini 

31(}nnt Anl)nrn 
C'orry\ ille 
]iene\ ne 
Fairiiionnt 
]Mount Hope 

McMicken 
Southgate 
Kcononn* 
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1. Agelacrlnus pileus. Curryvillc inenibLT oi .Ma\>\illc i;roup, at rmcinnati. 

2. ("aKiiiene retrorsa. Waynesville inember nf Kicliniund grnup. The cl(isel\' sinnlai- (""alxmene iin-- ki is i:nmniMn 

m tlie Maysville at Cincinnati. 

3. <'i.raiirus mis(_neri, W'hitewatcr di\'isiiin of Richmond i^ruU]!. 

4. liallopf.ra nodulosa. l'|t[ier diviSK.m oi tJic- EiJcn gn uji, al ("incinnati. 

5. Stro])h(imena vetusla. Liljerty and W liitcwater divisiun <>i thf Kicliiinmii Ljrciup, An ancestral fniaii ucrurs in 

the upper part nf tlie \\'a\'nesv!lle dn'isinn nf this group. 

6. I'rotarca richniondensis. From upjicr \\'a\nes\dle to t^ip nt \\')i itewali r iti\'isinn i>t KLchiiii.md grouii, l-^ignrc 6B 

represents this sjiecies enlarged. 

7. Rhynchotrema dentatnm. ^\rnheim di\i^inn i>f Richnumd. (/losdy similar t'orins itccnr in the nppfr \\'a>n<.'s- 

ville and Whitewater divisions. 

8. (".'olumnaria alveolata. IVcmi u[iper \\"a\ nes\ ille to \\ h ilewater dui^n ji <,{ Kichnmnd gri'Up. 

9. Streptelasma rusticiini. Waynesville to W hilew ater di\'ision of Kichniond ^^rnup. 
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10. R;i1nir.,,nini:i .il I. i iial.i, hrniii llif •rrcnlnii In llic tup ,,t I Ik Kitlimnii.l i;niii|i. W 1 1 h i n this rang, sivcr.il S|Kxii'S 

should l.L distnig.i.sll.-.L 

11. Hcl.ertella inscul|ila. A. \,v,\i-j,] \alv... li, luajiial \al\r, r, laPaal \ u v\ . I ', i nlar,j, nu iit .,f sin/ac.-, sho.v- 

illg the cliaractrnslic lraii^\a.iM: shaip n!-iiaiii< nt ing I ms, Al Imsi. n[ Lilierly <ii\isinn nf l^ichniond gmup ami 
alsn at l.asv of lippLi" ihiial nf llu- \\a\n.sMllc dix.Mnn, 

12. Rh_\ iichotrnina 'Icnlaliini. Whip.walci- divi^mn i>( l^lcliinnnd. Similar fnniis (.)ccur alsn in np|n:r \\"a\iu'svilie 

an.l at llic nml.lle nf llic Arnln.inr 
la. CMjIntinnai hunn iM.sniii. Ainlnini <li\isnni nf U J'lnnnd grnnp. .and prni,,dd\ a.ls.. in npp^i- p.art nf Ma\-svi!Ie 

grniip. 
14 TriplnxM nrlnnr A, liiaaijli all \aKr. I'., .a fr.anniLail nf iln same valvu showinR a ]iarl lli.at lirniccts inin tlie 

interior ui tin- |a.dical \alea in sueli a niannrr a.s to assist in npeinni^ and cinsing Iho slioll. ( ", ,i sinnlar 

fragment -i i n fiaan Ihe side, atnl often called by eliildren a small shi>\el. Br.isslield limestnne, at Snidiers' 

Home and l i. iii ■ r\ ille rjuarries. 
15. r\lit.aiiierns nlilniiRiis. ("minnnn in the Spnnglirlil divisinii nf the Silniian limestnnes. Fnun.l ab 

I'ed.arvdie division. K.arn m the I ),a> ton linieslnne, immediately nverhini; the Brasstield limestnne. 
10. I li.iphnrnsliniia tngnnoslnm.i. ' d'l" r ll.it \aew presented. Seen from tlie side tile margin is \ er\' angular 

I ed.arxille divisinii of the Sdnri.in lininsomes. 
17. (.aljinene niagarensis. Sprmglield .and ( ndarvdle limestnnes. The forms nf Calyniene found in the underlying 

divisions as far down as the Tir.a^slinld liiiu siniie iisualK' are referred tei the same speeies. 
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18. I'hnhiilonKiriiha iilKjla<litoriiiis. Waymsville division nf the- Richmond group. 

r.'. l\li\iU'hotrcma capax. A. tlie t\'pical fririn, setn from the side. Whitewater di\'isi'in of th^' l\n hiimiid. H, los 

lypical fnnii. often compared willi Rh\'iK4K.)trema fierlaniellosa, fmind in the upper \\'a\nes\ die ,ind in the 

Ldierty liivisions. 

20. Striiphoniena iilanmnhona. A, < xterinr of hracliial valve and to]i f>f iippn^itr \al\e. It, inln ii.r <•( pedicel \al\'e. 

W'aynesville and Libert\' divisions of Richmond group. 

21. IJinorthis carleyi (often idcntiiied as Dinorthis retrorsa). A, interim nf prdicet \al\-e. H. extermr of pedicel 

vah-e with top of opposite \-aIve. ( ", shell seen from the ^ide. Middle d Arnlieim divisinn nf Richnmnd 
grr)Up. A closely similar f(irni riccnrs at the hase of the upper third of the \\'a\nes\dle di\ision nt the Rich- 
nifind group. 

22. Plectorthis plicatella. Fairniount divisioTi of the ^^ay^,\■llle grnup, at llanidtnn, Cincinnati, and elsewhere. 

23. Dinorthis subquadrala. A, brachial valve. B, interior nf pcdictl \alve. (", shell seen along the h nge line. 

Liberty and Waynesvdle divisions of the Richmond gmup. 

24. Strophomena nutans. A, Itrachial valve. B, inleririr of pcflicel valve. I'ppcr third nf W'aynesville divisinn oi 

Richmond. 
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J5. I'lrtiiua iKniissa. i\Ia\s\ilU' ami Ricllillimil .i,n"iui|is. 

::(). Daliiiali' Ha jiiKnsa. WaMn^Mll. HiMSinn .if KichiiiiaL.I 'ji.ni]i. Snuil.r f'iniis ncclir Ml lliu ArnlRiin (li\isinii. 

J7, I irlli.irrras fustta-i. Wa\ n. sm ll,; .livisinn of tin. I;,,. Imi.aMl Kinii|.. 

J,X, ( li lli.ali\ 111 linla liiin.\L (iiithiana group, chiefly in K.iilii(k\. I U ro lliis i-|iooKS ootlirs als" in lln Uliln-i 

|iait of iIk Ian mil iliMsion of the Maysville Lnainii, 

.',<J. J'laty^t^o|,hla a. nlilnala, Wliituvatcr ilivision of tin kKJniiunil Kionii. Siiiulai^ foiiiis occur 111 the Inlicrty 

division. 
3(1. fiiinih.criiiiis iiolvla. I.vlii-. I,ilicil.\ .lui-aai of Uichiih.n.l Kr.ui.. 
,11. ]'lal>slr.i|,hi;, polHlrrns.l, ,\, iiow ,. h 1 1 1 LI tlu liiiicr line. I!, |ie,lieel ^alve, Innlll ll|.|.<l jMlt of l',iiinionnt tii 

lo|, of Woinil Aiilnnn .livision of i\I,a>svilh eioii]), also lo.ir niHhlle of .\rnlieiiii iliMsani of the Kichmoinl 

group. 
,1J. Proino|i,il,ie,asler siicm.mis. I'roliaM.^ Inairnionnl iliMsion of .M,i>,Mlle ^loiip al Cincinnati, Ohio. 
.1,!. 7!.\sson,M lii.a railiata, Waynesville .livi-jioii of the K Icli riion.l Kioiip, Tin l>|>i,.il fornix of lly.^soii vcliia railiata 

III em in .\'iav ^■ork state, ill the Lorraine group. 
.!4, laniilirieonereites aiistini. Single toi a h , one teiilh nf an liuli in lenelli, lieie gie.iili in.i^ii i llei I , Klkhorn .livisnni 

al llie (rip of the Kichiiioin] groni.i. 
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